NASA  Technical  Memorandum  81277 


Effects  of  Circadian  Rhythm  Phase 
Aiteration  on  Physioiogicat  and 
Psychoiogicai  Variabies: 
impiications  to  Piiot  Performance 

(including  a partially  annotated 
bibliography) 


(NASA-XH-81277)  EfFEClS  Of  CiitCADIAM  BHIIHH  1181-24720 

fdASE  ALIEBAIIOH  ON  PUISlOLOGiCAL  AID 
PSfCUOLOGICAI.  VABlABLfS:  IHEAICAIIONS  TO 

PILOT  PEEFUBEAMCE  (INCLUDING  A PAHTIALLI  OoclciS 

ANNOTATED  BIfiLXOGEAPiiX)  (NASA)  537  p iiJ/52  24935 


March  1981 


NASA 

National  Aeronautics  and 
Space  Administration 


NASA  Technical  Memorandum  81277 


Effects  of  Circadian  Rhythm  Phase 
Atteration  on  Physiological  and 
Psychoiogicat  Variabies: 
impiications  to  Pitot  Performance 

(inciuding  a partially  annotated 
bibliography) 

Daniel  C.  Holley,  Department  of  Biological  Sciences, 

San  Jose  State  University,  San  Jose,  California 
Charles  M.  Winget 

Charles  M.  DeRoshia,  Ames  Research  Center,  Moffett  Field,  California 

Michele  P.  Heinold,  Dale  M.  Edgar,  Norman  E.  Kinney, 

Susan  E.  Langston,  Carol  L.  Markley  and  Jill  A.  Anthcmy, 

San  Jose  State  University,  San  Jose,  California 


IVIASA 

National  Aeronautics  and 
Space  Administration 

Amee  Reeeerch  Center 

Ktoffett  Field,  California  94035 


TABLE  OF  GORIERIS 


1.  INTBODDCnON 


PERFOBMAMCE  

A.  Introduction 

B.  Fatigue  ........ 

C.  Perfotaance  BfaytluM  (Memory  and  Immediate  Proceaa  Taaka) 

D.  Sleep  and  Performance  ........... 

1.  Total  Bleep  deprivation  .............. 

2.  Partial  aleep  ^privation  ............. 

3.  BEM  aleep 

4.  Napa  .....  ............. 

5.  Conclualona * 

E.  Other  Factora  and  Performance  

1.  Druge  and  hypoglycemia  ..........  

2.  Phyaiology  and  performance 

F.  Environmental  Factora  and  Performance  ......... 

G.  Conclualona 

H.  Selected  Bibliography  on  Performance 


III.  PHASE-SHIFT  . 

A.  Introduction 

B.  Effecta  of  Sleep  Diaturbancea  on  Performance  .... 

C.  Effecta  of  Tranamerldian  Flight  on  Circadian  Bhythma 

D.  Factora  Influencing  Rate  of  Re-entralnment  after 

Phaae-Shift  of  the  Zeitgeber 

E.  Effecta  of  Phaae-Shift  on  Health  .......... 

F.  Interpretation  of  Phaae-Shift  Data  ......... 

G.  Selected  Bibliography  on  Phaae-Shift  ...  


SHIFT-WORK 

A.  Introduction  ......... 

B.  Shift-Work  and  Phyaiologlcal  Rhyttana  ..... 

C.  Effecta  on  Health  ................... 

1.  General  aymptoma  

2.  Diaturbancea  of  "normal"  diurnal  aieep-waka  cycle  . 

3.  bMtlonal  and  behavioral  correlatea 

4.  Conplicatlona  of  predlapoaed  medical  conditlona  . . 

5.  Chronic  ahlft-work  and  overall  health  and  longevity 

D.  Effecta  of  Shlft-Vork  on  Performance  and  Productivity  . 

E.  Shift-Work  and  Accldenta 

F.  Paycho-Soclal  Aapecta  .........  

G.  Conclualona 

H.  Selected  Bibliography  on  Shift-Work  .....  


preceding  page  blank  wot  nUIED 


Page 


INTERNAL  DESYNCHRONIZATION  35 

A.  Introduction  35 

B.  Internal  Desynchronization  ...........  35 

1.  Real  Internal  desynchronization  .............  35 

2.  Apparent  Internal  desynchronization  36 

3.  Blectronagnetic  fields  and  Internal  desynchronosls  ....  37 

C.  Transient  States  of  Internal  Desynchronization  ...  37 

1.  Internal  dissociation  ..........  37 

2.  Internal  rhythodc  dissociation  and  conflicting 

temporal  Information  38 

3.  Internal  dissociation  during  re-entralnment  by  partition  . 39 

4.  Special  forms  of  internal  dissociation 39 

D.  Internal  Desynchronization  and  Sleep  Disturbances  ......  40 

1.  Specific  sleep  problems 41 

2.  i^proaches  to  reordering  temporal  relationships  of 

circadian  rhytlns  ............  . 41 

E.  Conclusions  .....  42 

F.  Selected  Bibliography  on  Internal  Desynchronization 42 

CHRONOTHERAPT  43 

A.  Introduction  ......  ......  43 

B.  Zeltgebers  ......  44 

1.  Social  44 

2.  Sleep  and  light-dark  cycles  ...............  44 

3.  Meal  time 46 

C.  Re-entralnment  Following  Phase-Shift  of  Zeltgebers  48 

D.  Chronotherapy 49 

1.  Chronoblotlcs 51 

2.  Relaxation  techniques  .........  51 

E.  Conclusions  - ............  52 

F.  Selected  Bibliography  on  Chronotherapy  ............  53 

THE  BIORHYTHM  THEORY  54 

A.  Introduction 54 

B.  Historical  Development  of  the  Theory  .....  . 54 

C.  Wilhelm  FUess*  Theory 55 

D.  Scientific  Evidence  for  Biorhythm  Theory  . 56 

E.  Biorhythm  Theory  and  Singular  Events  .......  57 

F.  Biorhythm  and  Longitudinal  Studies  . 59 

G.  Neobiorhythm  61 

H.  Selected  Bibliography  on  Biorhythm  Theory  64 

I.  Selected  Bibliography  on  Inf radian  Rhythms  .....  64 

CONCLUSIONS 64 

ANNOTATED  BIBLIOGRAPHY  67 


iv 


PREFACE 


This  rsport  Is  ths  pvslialnsry  sffort  of  ths  NASA  Joint  Rssssrch  Intsr- 
ehsngs  sntitlsd  **Bffscts  of  Clresdisn  Rhythn  Phsss  Alteration  on  Fhyslologlcsl 
and  Psychological  Variables:  Inplications  to  Pilot  Perfomance''  (NGA2*^Ri675> 
005)  conducted  under  the  direction  of  Dr.  Daniel  C.  Holley « Departaent  of 
Biologicel  Sciences.  San  Jose  State  Oniversity.  San  Joss,  Callfomla.  The 
review  narrative  was  conpiled  by  several  Individuals.  Tte  Halted  tlas  for 
carrying  out  this  project  (June  1.  1980  to  July  15.  1980)  precluded  Integra*' 
tlve  editing  of  the  review  sections  to  effect  a roaarm  style.  As  with  any 
project  of  large  scope  and  Halted  tlae.  aany  people  aade  special  contributions 
witlv>ut  which  we  could  not  have  coaplet^  this  effort.  We  acknowledge  the 
excellent  support  of  the  Hbrary  staff  of  San  Jose  State  University  (Mrs.  King 
Wah  Moberg  and  Mrs.  Kathleen  Taylor).  US  are  also  appreciative  of  the  superb 
technical  assistance  of  Mrs.  Bridget  Felkensteln.  Mr.  Curt  Zlnghela.  Mrs.  Dora 
McColHster,  and  Ms.  Roseaary  Burnett.  He  thankfully  acknowledge  Dr.  Leon 
Rosenblatt.  Halnut  Creek.  California,  for  reviewing  the  aanuscript  and  pro- 
viding constructive  criticlsa. 
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StSlMART 


Selected  recently  published  literature  (1972  to  1980)  was  reviewed  deal- 
ing with  the  physiologic  and  psychologic  effects  of  altered  circadian  rhythm 
phaae  relationships  in  higher  vertebrates.  Major  ei^hasls  was  placed  on  the 
effects  of  environsMntal  synchronizers  upon  circadian  rhytlnlc  stability  in 
man  and  the  deleterious  alterations  in  performance  and  well-being  which  result 
from  changes  In  this  stability.  The  review  (66  pp)  Includes  a partially 
annotated  bibliography  consisting  of  2084  references  relevant  to  pilot  perfor- 
mance and  circadian  phase  alteration.  Review  categories  Include:  1)  husan 

performance,  with  primary  emphasis  on  the  effects  of  sleep  loss  or  disturbance 
and  fatigue;  2)  phMe  shift,  in  which  ground  based  light/dark  cycle  alteration 
and  transmerldian  flight  studies  are  discussed;  3)  shiftwork;  4)  internal 
desynchronization,  which  Includes  the  effects  of  constant  environments.  Isola- 
tion or  other  environmental  factors  on  rhythmic  stability,  and  the  effects  of 
rhythm  disturbances  on  sleep  and  psychopathology;  5)  chronotherapy,  the  appli- 
cation of  methods  to  ameliorate  desynchronosls  symptomatology;  and  6)  bio- 
rhythm theory.  In  which  a critical  analysis  is  made  of  the  blrthdate  based 
biorhythm  method  for  predicting  aviation  accident  susceptibility.  There  Is  a 
need  for  more  Integrative  Investigation  In  realistic  operational  emrlronments 
to  evaluate  the  effects  of  chroidc  time  zone  travel  upon  health  and  perfor- 
mance. Further  work  is  necessary  on  the  evaluation  of  chronotherapeutlc  mea- 
sures and  the  development  of  appropriate  educational  programs  for  pilots  based 
upon  present  kiMwledge  of  the  influence  of  sleep  and  circadian  rhythm  distur- 
bances upon  performance. 


I.  INTRODUCTION 


This  aimotated  bibliography  has  been  coa^lled  to  provide  a data  base  of 
uterlal  In  the  scientific  literature  on  which  to  address  the  following  ques- 
tions: 1)  What,  If  any,  are  the  pertinent  issues  of  is^rtance  to  the 


aeronautical  co—unlty  ragardlne  circadian  daoynchronoals;  and  2)  Can  thase 
Issues  be  resolved  by  current  research  techniques? 

We  have  included  a review  of  selected  recently  ptd>llshed  literature  deal- 
ing irith  the  physiological  and  psychological  effects  of  altered  circadian 
rhythn  phase  relationships  In  higher  vertebrate  species*  with  nojor  emphasis 
on  the  effects  of  alteration  in  environmental  synchronisers  upon  circadian 
rhythmic  stability  In  man*  and  the  deleterious  changes  In  performance  and 
well-being  which  result  from  changes  in  such  stability. 

The  report  Includes  an  annotated  blbUogrephy  of  materials  relevant  to 
pilot  performance  and  circadian  phase  alteretlons  and  a series  of  review 
articles*  each  of  which  covers  a major  research  area  within  the  topic.  A 
selected  bibliography  of  citations  (included  within  the  master  bibliography) 
pertaining  to  each  review  area  can  be  found  at  the  end  of  each  section. 

NASA  previously  funded  a review  of  the  literature  dealing  with  factors  in 
the  aviation  environment  and  their  effects  on  performance  (Bel j an*  J.  R. * 

L.  S.  Rosenblatt*  N.  W.  Hetherington*  J.  L.  Lyman*  S.  F.  Flalm*  G.  T.  Dale* 
and  D.  C.  Holley*  H»««*n  Performance  in  the  Aviation  Bnvironment.  NASA  Contract 
No.  NAS2-6657*  1972).  This  report  included  a review  of  circadian  rhythm 
desynchronisation  in  relation  to  performance.  It  concluded  that  rhythm  desyn- 
chronisation often  results  in  a wide  variety  of  physiological  and  psycholo^- 
cal  abnormalities  resulting  in  the  desynchronosis  syndrome*  which  can  have 
debilitating  effects  on  individual  performance. 

The  annotated  bibliography  in  the  present  report  Includes  all  available 
literature  since  the  time  of  the  Beljan  report  (1972  to  present).  A few 
selected  publications  from  the  period  prior  to  1972  which  were  osULtted  from 
the  Beljan  report  have  been  Included  in  order  to  complete  the  literature 
review.  Metb^s  of  retri?val  Included: 

1.  Computerised  literature  search  of  several  data  bases  (Hedlars*  Recon* 
Dialog) . 

2.  Direct  search  of  literature  Indexes  (Biological  idistracts*  Bioresearch 
Index*  Index  Medicus*  Excerpta  Hedica*  International  Aerospace  Abstracts  (lAA)* 
Scientific  and  Technical  Aerospace  Reports  (STAR)*  Science  Citation  Index, 
Psychological  Abstracts*  Reader's  Guide  to  Periodical  Literature). 

3.  Direct  search  of  abstracting  services  covering  foreign  literature 
(Library  of  Congress  Science  4 Technology  (S  4 T)  Alert  items  and  USSR  Life 
Sciences  Digest). 

4.  Direct  search  of  lists  of  literature  currently  in  print  (Bowker's 
Books  in  Print*  British  Books  in  Print*  Canadian  Books  in  Print*  Medical  Books 
and  Serials  in  Print). 

5.  Cross  reference  of  many  of  the  bibliographies  in  published  articles 
retrieved. 
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An  attaapt  vas  anda  to  obtain  as  aany  rafarancaa  as  poaslble  ralevant  to 
parforaanca  and  circadian  rhytha  dasynchronlcation  within  tha  tiaa  pariod  of 
tha  conaortiua  (Juna  1»  1980  to  July  15*  1980)  and  any  oaiasiona  should  bo 
considarad  unintantional.  Tha  aimotationa  to  tha  citations  ara  aithar:  1)  tha 

author's  abstract  or  sunaaryi  2)  an  abstract  from  an  indexing  systaa  or  coa- 
putar  aaarehi  or  3)  an  abstract  aada  by  one  of  our  group.  A total  of  approxi- 
aataly  2000  rafarancaa  was  obtained,  including  approxiaately  8SX  relating  to 
huaana,  SX  to  non'-huaan  prlaata,  and  lOX  to  anlaal  studies.  Tha  non'-huaan 
priaata  and  anlaal  rafarancaa  raprasant  a select  group  of  papers  which  ware 
included  in  this  report  since  they  deal  with  iaportant  axparlaantal  studies  of 
circadian  rhytha  desynchronisation,  raphaaal  dynaalcs  and  aechanisas,  con> 
ducted  under  carefully  controlled  laboratory  conditions  to  an  extent  which  is 
usxially  not  possible  for  husan  research.  Some  of  these  studies  could  not  have 
been  perforaed  on  huaan  subjects. 

A significant  finding  of  this  project  vas  the  trosendous  Increase  in  the 
sleep  literature  since  the  Beljan  report  in  1972.  The  role  of  sleep  and  the 
significance  of  the  sleep-wake  cycle  in  physiology  and  psychology  cannot  be 
overestiaated.  This  subject  is  treated  in  several  sections  of  this  report 
since  it  is  key  to  the  discussion  of  many  of  the  topic  categories. 

The  literature  obtained  for  this  report  vas  divided  into  six  major 
categories: 


Performance 

This  category  Includes  those  papers  relevant  to  the  topic  of  performance 
which  do  not  fall  into  the  categories  of  shift  work,  phase  shift.  Internal 
desynchronisation  or  chronotherapy.  This  discussion,  therefore,  focuses  on 
variables  which  adversely  affect  performance,  prisiarlly  those  factors  which 
affact  htasan  performance  in  the  aviation  environment.  Primary  attention  has 
been  directed  to  the  effects  of  sleep  loss  or  disturbance  and  fatigue.  Other 
variables  affecting  performance  such  as  motivation,  arousal,  hypoglycemia  and 
drugs  are  also  discussed.  This  category  is  important  to  the  topic  of  perfor- 
mance and  circadian  rhythm  desynchronisation  since  the  relative  effect  on 
pilot  performance  of  circadian  rhythm  desynchronosis-indxiced  performance 
deterioration  will  be  a function  of  the  existing  level  of  performance  deterior- 
ation resulting  from  the  effects  of  one  or  more  of  the  variables  discussed  in 
this  section. 


Phase-Shift 

This  category  Includes  studies  involving  rhythm  desynchronisation  result- 
ing from  altered  rhythm  synchroniser  phases  (lif^t-dark  cycles,  social  inter- 
action and  meal  timing).  Primary  emphasis  will  be  placed  upon  the  effects  of 
transmeridian  flight  upon  circadian  rhythm  desynchronisation  and  readaptation, 
performance  and  physical  and  psychological  well-being.  This  category  will  also 
include  discussion  of  ground-based  experimental  studies  on  circadian  rhythm 
phase-shifts.  Inverted  schedules,  unusual  work-rest  schedules,  and  rhythm 
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desynchronization,  which  have  laplicetions  to  pilot  perfonance  on  transmeri- 
dian routes. 


Shift-Work 

This  category  Includes  papers  involving  circadian  phasa-shlfte  in  the  work 
environment,  l.e.,  the  effects  of  various  kinds  of  rotating  work  shift  sched- 
ules or  night  work  on  rhythm  stability  and  their  effects  upon  performance  and 
well-being.  This  topic  is  important  in  that  rhythm  deaynchronlsatlon  rasult- 
Ing  from  shift-work  is  often  manifested  by  performance  deterioration  and  health 
problems  and  therefore  has  implications  to  pilot  and  air  traffic  controller 
performance.  The  effect  of  circadian  desynchronization  upon  homeostatic 
regulation  of  physiological  procesaes  and  subsequent  long  term  effects  upon 
health  and  longevity  is  discussed. 


Internal  Desynchronization 

This  category  Includes  all  studies  involving  circadian  rhythm  desynchroni- 
zation or  rhythm  instability  which  do  not  fall  under  the  categories  of  shift- 
work or  phase-shift.  It  includes  the  effects  of  constant  environments  (e.g. , 
continuous  light  or  darkness)  and  isolation  on  rhythmlcity,  the  effects  of 
rhythm  disturbance  on  sleep  and  psychopathology,  and  the  effects  of  other 
environmental  agents  (electromagnetic  fields,  hypokinesls,  space  fll^t)  on 
the  maintenance  of  circadian  rhythmic  stability.  This  section  provides  a 
basic  experimental  background  into  the  nature  of  circadian  rhythmic  desynchro- 
nization by  examining  studies  of  circadian  pacemaker  or  coupled  oscillating 
smchanisnm.  This  topic  is  important  in  providing  an  experimental  background 
for  understanding  the  mechanlaas  involved  in  circadian  rhythm  desynchroniza- 
tion and  their  relationship  to  the  kinds  of  sleep  disturbances  and  deteriora- 
tion in  well-being  commonly  observed  in  humans  who  have  become  rhythmically 
desynchronized  following  tranamerldlan  flight* 


Chronotherapy 

This  section  specifically  deals  with  methods  or  suggestions  for  amelior- 
ating or  counteracting  the  effects  of  rhythm  desynchronization.  Included  is 
a discussion  of  experimental  approaches  to  the  facilitation  of  readaptation 
following  phase-shifts  or  transmeridian  flights  by  effecting  alterations  in 
circadian  rhythmlcity  (chronotherapy).  These  treatments  Include  synchronizer 
control  (e.g. , light-dark  cycles,  meal  timing,  social  Interaction  effects)  and 
chronoblotlcs  (drugs  affecting  circadian  oeclllatory  mechanisam).  In  addition, 
methods  or  recomamndations  for  alleviation  of  desynchronoels  symptoautology 
have  been  Included  (sedative  drugs,  preadaptetion,  relaxation  techniques, 
etc.).  These  treatments  are  discussed  tfitk  respect  to  their  relative  effec- 
tiveness in  treating  desynchronoala  and  their  suitability  for  future  researca. 
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TIm  Biorhytlai  TiMory 


A sAparat*  saction  will  provlda  a critical  analysta  of  tha  ao-callad 
"blorhytliB  thaory,"  which  poatulataa  that  23,  28 » and  33  day  cyclaa  hava  alg> 
nlflcant  Influaticaa  upon  parforaanca  lavala  and  that  aviation  accldant  occurs 
rancaa  algnlflcantly  abova  chanca  lavala  occur  on  daya  upon  which  thaaa  cyclaa 
croaa  tha  tranaltlon  from  high  to  low  phaaaa  (critical  daya).  Tha  theory' a 
nany  proponanta*  Includlns  aona  fron  tha  aclantlflc  coanunlty*  hava  raportM 
that  a atatiatlcally  algnlflcant  nuabar  of  aviation  accldanta  occur  on  blo- 
rhyttai  critical  days*  that  alrllnaa  have  anployad  aafaty  awaranaaa  prograna 
ualng  blorhythn  charting  to  achiava  at^tantlal  laduetlona  In  accldanta  and 
that  certain  alrllnca  already  uaat  or  ahould  uaa,  bloriqftiB  charting  for  work 
achaduUng  and  aafaty  naatlnga. 

Although  tha  aclantlflc  connunlty  haa  charactarlaad  the  theory  aa  fraudu- 
lent or  Invalid,  tha  theory  anjoya  conaldarabla  popularity  and  It  \nm  daanad 
Inportant  to  Include  In  thla  report  a critical  analyala  of  tha  theory  bacauaa 
of  the  theory*  a inpllcatlona  for  pilot  parfomanca  and  aviation  aafaty,  baaed 
upon  thaaa  reputed  cyclical  phanonana.  Thla  review  will  ahow  that  tha  origi- 
nal theory  la  nathanatlcally  and  theoretically  unaound,  that  atudlaa  In  aup- 
port  of  tha  theory  noatly  reflect  Inpropar  nethodology,  lack  of  docunantatlon, 
faulty  Interpretation  of  raaulta  and  that  tha  theory* a pradlctlona  are  contra- 
dicted by  tha  entire  literature  on  Infradlan  biological  rhythn  raaaarch. 

For  tha  purpoaa  of  thla  report  it  la  nacaaaary  to  define  tamlnology 
related  to  circadian  rhythm  a]mchronizatlon,  deaynchronlzatlon  and  trananerld- 
lan  flight. 

• An  anvironaantal  agent  la  tamed  a aynchronlzar  (entraining  agent, 
Zeltgebar)  If  It  la  capable  of  forcing  another  cycle  to  aaatHe  Ita  fre- 
quency with  a characteriatlc  phaae  relatlonahlp.  Exanplea  of  aynchro- 
nlzera  are  light-dark  cyclaa,  aocial  Interaction  and  reatrlcted  Mai 
tinea. 


• Circadian  rhythna  are  aald  to  be  deaynchronlzed  fron  entraiment  or 
aynchronizatlon  when  two  or  nore  prevloualy  aynchronized  rhythnic  varl- 
ablea  ceaae  to  exhibit  the  aaM  frequency  or  phaae  relatlonahlp  to  tha 
aynchronlzar. 

• Bhythn  deaynchronlzatlon  fron  an  envlronMntal  cycle  la  tenaed  external 
deaynchronlzatlon. 

• If  external  deaynchronlzatlon  raaulta  In  the  continuance  of  periodicity 
with  a natural  frequency  at  leaat  allghtly  different  fron  the  period  of 
any  known  envlroMental  factor,  the  reaultant  circadian  rhythna  are 
terMd  **f ree-nw««ina. **  Free-running  often  occura  In  conatant  condl- 
tlona  (conatant  light  or  darkneaa  In  a controlled  leolated  envlronMnt). 

• Internal  deaynchronlzatlon  refera  to  deaynchronlzatlon  of  two  or  aore 
rhythmic  varlablea  from  each  other,  nanifeated  by  the  appearance  of  a 

prevloualy  abaent  dlffarence  In  frequency  or  a change  In  the  timing  of 
rhythmic  phaae  poaltlona  with  reapect  to  each  other. 


• A ph— -■hift  refers  to  e change  in  tialng  of  envlronaental  synchroniser 
events  with  respect  to  phese  position  of  rhythedc  variables  (l.e., 
timing  of  steblllsed  rhyttaslc  peek  end  trough  times). 

• The  clrcedlen  system  responds  to  phese-shlft  Induced  by  temporal  altera- 
tion In  synchronisers  or  trarMMrldlan  flight  by  exhibiting  both  exter- 
nal end  Internal  desynchronisation » followmd  by  a period  of  adaptation 
(rephasal,  resynchronlsatloni  re-entralnment)  In  irtileh  the  previous 
phase  relationship  between  tte  synchroniser  and  the  rlqrthmlc  variable 
becomes  reestablished* 

• Bhythn  desynchronisation  In  which  there  Is  a deficit  In  physical* 
physiological  or  msntal  performance*  or  with  Increased  risk  of  disease 
or  overt  Illness  Is  term^  dyschrony  or  desynchronosls. Although 
objections  have  been  raised  to  the  tern  desynchronosls *^^‘  as  Implying 
a degenerative  condition*  the  term  la  trldely  used  and*  therefore*  the 
terms  desynchronosls  and  dyschrony  will  be  used  synonymously  in  this 
report. 

• Rhythm  alteration  associated  with  malaise  and/or  perfotmsnce  decrement 
In  asaoclatlon  with  transmerldlan  travel  will  be  termed  j^ensmerldlan 
deeynchronoeis  or  dyschrony  (TMD) . The  term  "jet  lag"  Is  oeaned 
Inappropriate  since  IND  may  occur  following  the  crossing  of  time  zones 
by  sMums  other  than  lets  and  It  may  be  absent  In  the  case  of  rapid 
round  trips  by  jet.^^‘ 

• Excessively  delayed  rhythm  resynchronlzatlon  or  readaptation  following 
transmerldlan  travel*  due  to  cliaatic*  cultural  or  other  environmental 
differences  between  origin  and  destination*  la  referred  to  as  latent 
desynchronosls . 

Confusion  exists  in  the  literature  between  the  terms  biorhythm  and  blo- 
rhythsde  and  bloloxlcal  rhythm,  as  they  refer  to  the  popular  biorhythm  theory 
of  23*  28*  and  33  day  cycles  or  to  empirically-baaed  Investigation  of  period- 
icity in  various  physiological  or  perfonsance  variables.  For  example*  one 
reference  In  this  bibliography^^**  entitled  "Relationship  of  Selected  Biologi- 
cal Rhythms  to  Performance  of  Competitive  SwlasMrs"  Is  actually  an  investiga- 
tion in  biorhythmlc-cycle  theory.  However*  another  paper  entitled  "Biorhythm 
and  .etch  Rhythms"***  is  an  Investigation  of  circadian  rhythadclty.  There- 
fore* In  this  report*  the  cerm  "biorhythm"  or  "blorl^halc"  will  refer  exclu- 
sively to  biorhythm  theory  cycles  and  the  term  "biological  rhythm"  will  refer 
to  empirically-based  studies  of  periodicity  In  physiological  or  performance 
data.  As  a further  distinction*  the  23*  28*  and  33  day  cycles  of  biorhythm 
theory  will  be  referred  to  as  biorhythm  cycles.  Periodicities  In  the  biorhythm 
cycle  time  domain*  which  were  obtained  by  time  serlee  analysis  of  physiologi- 
cal or  performance  data  will  be  referred  to  as  low-frequency  or  Infradlan 
rhythms. 
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II 


FERFORMAMCE 


A*  Introduction 

Thin  ooctlon  in  an  update  of  the  report  hy  Beljen  at  with  regard 

to  certain  verleblea  which  edvereely  effect  perfomance  In  the  aviation  ‘Jcvl— 
ronaent.  No  ettenpt  at  conplatanaaa  la  Intended.  Inataad*  the  dlacuaalon 
focuaaa  on  three  prlaery  ereee  of  reeaercht  fatigue*  perfomanca  rhytbM,  and 
alaap  loaa  and  dlaruptlon.  A fourth  area  on  alcohol*  druga*  and.  hypoglyconla. 
the  physiology  of  alaap  deprivation  la  briefly  covered* 

Tdgathar  with  alaap  loaa*  a connon  eonplalnt  of  aircrew  parsonnal  la 
fatigue.  Kaaaarch  on  fatigue  haa  b'san  baaat  with  conaldarabla  problana  of 
definition*  naaauraMnt*  and  Interpretation.  Mora  recant  work  haa  enphaalsad 
the  redefinition  of  fatigue  aa  a genaraliaad  reaction  to  atraaa.  Of  taora 
Inportanca*  however*  la  the  growing  recognition  that  the  synptons  uaually  uaad 
to  daacrlba  fatigue  can  equally  wall  be  assigned  to  a alnpla  IShlbltlon  effect 
known  to  occur  with  axtandad  activity*  an  anctlonal  variable  slnllar  to  fear 
or  anxiety*  or  to  alaap  deficit  or  dlaruptlon*  The  uaafulnaas  of  the  fatigue 
concept  la  discussed. 

Studies  on  perfomanca  rhytlsM  have  cone  to  recognise  a distinction 
between  those  tasks  Involving  nenory  stor  '.ge  and  tliose  Involving  only  Imadlate 
Infomatlon  processing.  Whereas  perfomanca  on  the  latter  la  roughly  In  phase 
with  body  tenperature  rhyttan  (perhaps  coincidentally)*  perfomanca  Involving 
BOBory  storage  Is  out  of  phase  with  this  function.  There  la  also  a need  for 
closer  attention  to  be  paid  to  the  dlffera*xes  Ip  the  basic  processes  under- 
lying different  tasks*  and  the  choice  of  perfotBance  tasks  which  are  Bore 
Beanlngful  and  relevant  to  those  actually  perfonssd  by  workers* 

lecent  reviews*  as  well  as  research  conducted  during  contlmoua  operations 
In  the  field  have  seriously  questioned  laboratory  conclusions  that  total  (or 
partial)  sleep  deprivation  results  In  significant  perfotBance  decreBsnts. 
CrltlclsBS  addressed  to  the  experlnental  nethodology  of  previous*  sleep- loss 
research  are  discussed.  Developnents  of  recent  research  relating  REM  and 
8ta^  4 sleep  deprivation  to  perfotBance  are  reported.  The  effects  of  napping 
on  perfomanca*  nood  states*  and  sleep  stages  are  covered  briefly. 

A final  discussion  of  recent  works  on  the  effects  of  alcohol  and  drugs  on 
pilot  perfomanca  la  Included.  The  high  Incidence  of  potential  functional 
(reactive)  hypoglycsBla  In  airline  pilots  and  the  lapllcatlons  for  flight 
safety  are  presented  as  a further  exsBple  of  factors  which  adversely  affect 
parforBanee  In  the  aviation  envlronBent. 


B*  Fatigue 

Raaaarch  on  fatigue  has  been  plagued  by  problans  of  definition*  aeaaure- 
Bsnt*  and  Interpretation.  Early  studies  on  fatigue  In  Industry  concentrated 
on  changes  In  production  output  following  prolonged  periods  of  work.  Later 
research  developed  mthoda  of  Bsasureaent  acre  applicable  to  tasws  Involving 
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llttl*  physlcAl  effort  and  aoro  Mosltiva  to  tlM-corrolatod  varletlone  In 
porforaumco.  Difficultlos  In  intorprotlng  aany  studloa  have  raaultad  fron  a 
failure  to  conaldar  fa;;igua  In  taraa  appropriate  for  dealing  with  a complex 
biological  proceae.  Conceptuallsatlone  of  fatigue  In  alnple  energlatlc  teraa 
have  led  to  a variety  of  aethoda  of  aeaaureaent  which  are  difficult  to  Inter* 
pret  and  which  often  reault  In  paradoxical  conclualona* 

Hore  recent  reaearch  reflecta  a cuange  In  eaphaala  towarda  tha  chronic 
and  cumtlatlve  effecta  of  fatigue  and  concern  for  the  long*tem  well-being  of 
workera  and  aircrew  aeabera.  Both  In  aviation  and  road  tranaport  atudlea  It 
haa  become  clear  that  fatigue  effecta  cannot  be  eaally  dlatlngulahed  fron  the 
effecta  of  Inadequate  or  dleturbed  eleep.**^  Many  experimental  atudlea  have 
conaldered  fatigue  effecte  over  a period  of  aome  houra  and  found  alight  to 
moderate  performance  deflclta.  It  le  often  concluded  that  motivational  factora 
can  overcome  euch  deflclta.  Hartman^**  reported  moderate  Inflight  fatigue  and 
streae,  aggravated  by  phyalcal  dlacomfort*  In  aircrew  membera  In  IS  aeparate 
8 hour  mlaalona.  It  waa  alao  reported  that  recovery  fron  theae  aymptoma  gen- 
erally followed  after  one  night  of  aleep.  However*  the  validity  of  such  con- 
clualons  nay  be  reatrlcted  to  experimental  atudlea  Invr'lvlng  only  relatively 
' hort  periods  of  aleep  deprivation.  It  haa  become  clear  that  the  fatigue 
p oblen  Is  embedded  In  the  whole  life  pattern  of  those  who  chronically  suffer 
fron  It.*** 

Fatigue  la  often  defined  aa  a generalised  reeponse  to  stress  (or  a defense 
reaction  to  stress)  over  a period  of  time*  which  may  be  either  acute  or  chronic 
(or  both)  and  la  measured  by  |>erformance  changes  and  by  reports  of  subjective 
feelings.  Anxiety  appeare  to  be  a factor  In  both  acute  and  chronic  fatigue. 
Many  of  the  performance  decremente  reported  In  fatigue  studies  are  consistent 
with  a high  level  of  arousal*  which  la  alao  found  In  atudlea  of  sleep 
deprivation. 

Grandjean***  haa  proposed  a neurological  concept  of  fatigue  *^0  account 
for  these  findings.  This  concept  consldere  fatigue  as  a state  of  the  central 
nervous  system  controlled  by  the  antagonistic  activity  of  the  Inhibitory  and 
activating  systema  of  the  brain  stem.  If  the  Inhibitory  system  dominates*  the 
organism  la  In  a state  of  fatigue.  If  the  activating  system  prevails*  the 
organism  Is  In  a state  of  t«akefulneee  and  ready  for  physical  or  mental  activ- 
ity. A boring  or  repetitive  task  would  provide  little  stimulation  and  favor 
the  onset  of  fatigue.***  This  would  be  accomplished  by  a decrease  In  SK>tlva- 
tlon  and  phyalcal  and  mental  performance*  and  by  the  occurrence  of  subjective 
feelings  of  fatigue.  Unfortunately*  though  the  theory  points  to  arousal  aa  au 
Important  factor  In  fatigue  studies*  It  does  little  to  elucidate  the  nature  of 
fatigue  Itself. 

Long-term  psycboeomatlc  effecte*  sleep  dleturbence  and  the  paradoxical 
results  in  fatigue  studies  are  eaaoclated  with  performance  changes  resembling 
those  found  %rlth  elevated  levels  of  arousal.  All  the  behavioral  features 
which  distinguish  the  fatigued  subject*  Including  performance  decrements* 
Irritability*  restlessness*  and  Inability  to  sleep  are  actually  non-specific 
as  are  the  biochemical  changes  reported.  These  symptoms  may  also  be  found  In 
Individuals  suffering  from  chronic  anxiety. 


The  Boat  cobboii  sTaptoma  of  fatlgua  reported  are  decreaae  of  attention, 
alowed  and  i^>alred  perception,  ii^aiment  of  thinking,  and  decreaae  of  aotiva- 
tion  and  phyalcal  perforBance.  Theae  varioua  fatigue  phenoBena,  aa  veil  aa 
reported  feelinga  of  diacoafort,  irritability  and  reatleaaneaa  can  be  reaaon- 
ably  aaalgned  to  an  eBotional  variable  alailar  to  anxiety  or  fear,  to  aleep 
deficit  or  diaruption,  or  to  a ainple  inhibition  effect  known  to  occur  with 
extended  activity.  Thua,  the  tern  "fatigue"  ae«aa  unneceaaary  except  aa  a 
label  for  a generalized  reaponae  to  atreaa  over  a period  of  tine.  Thia  uae  of 
the  fatigue  concept  seeaa  even  acre  inappropriate  aince  it  aerely  ahlfta 
attention  to  the  equally  vague  notion  of  atreaa. 


G.  Perfoi.  ^ce  Khythma  (Hemory  and  Inmedlate  Proceaa  Taaka) 

Dally  variationa  in  the  efficiency  of  perforaance  have  long  been  recog- 
nized. Klein  et  al. reported  circadian  cyclea  of  perforaance  in  paycho- 
aotor,  ayabol  cancellation,  reaction  tine,  and  digit  auanation  taaka  in  hunan 
aubjecta.  Theae  variationa  tended  to  correapond  with  rhythalc  changea  in  body 
temperature.  Fort  et  al.  found  thia  relationahip  was  preaent  whether  the 
temperature  changes  were  part  of  the  natural  circadian  rhythm  or  were  artifi- 
cially Induced.  Behavioral  perforaance  rhythma  can  be  aodifled  by  a nund>er  of 
factors  such  aa  diapoaition,  practice,  utotivaLlon,  personality  (introverts 
versus  extroverts),  sleep  deprivation  and  work  shifts. 

Folkard’’’  found  that  speed  in  performing  two  logical  reasoning  tasks 
lisproved  aarkedly  from  0800  to  1400  hours  and  fell  off  fairly  rapidly  there- 
after. Accuracy  decreased  linearly  over  the  day.  It  was  concluded  that  pre- 
vious work  relating  perforaance  to  time  of  day  actiially  found  functions 
resulting  from  differences  in  task  demands  rather  than  from  individual  differ- 
ences. The  suggestion  was  made  that  the  higher  the  aeaory  or  articulatory 
component  of  a task,  the  earlier  in  the  day  perforaance  on  such  a task  peaks. 
It  was  assumed  that  the  logical  taaka  employed  involved  both  short-term 
memory  and  Isnediate  processing. 

Buck^*^  conducted  a study  utilizing  a step-input  pursuit  tracking  task 
which  confirmed  Folkard's  results.  Perforaance  varied  with  tlae  of  day  in  a 
manner  and  to  an  extent  dependent  on  the  choice  of  index  so  that  circadian 
rhythms  for  speed  scores  were  in  Inverse  phase  with  those  for  accuracy 
scores. Increased  short-term  aeaory  demands  disrupted  the  aoveaent-tlae 
rhythm,  indicating  that  psychoaotor  and  short-term  memory  functions  vary  in 
inverse  phase  with  the  tlae  of  day. 

Rutenfranz  and  Golquhoun^’*^  suggested  that  performance  rhythsa  are 
closely  connected  to  the  cycle  of  "sleep  need."  Bl'ake*^’**  found  circadian 
performance  variationa  in  vigilance,  card  sorting,  reaction  tlae,  serial 
reaction,  letter  cancellation,  and  calculations  tests.  All  exhibited  the 
"late  peaking"  phenoaenon  which  may  be  due  to  a final  surge  of  aotivation  or 
an  Interaction  between  practice  effect  and  time  of  day.  A seventh  test  on 
digit  span  did  not  display  the  "late  peak."  Further,  digit  span  performance 
was  out  of  phase  with  performance  on  the  other  tests. 
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Rutenfranz  and  Colquhoun^**’  alao  proposed  that  there  are  two  types  of 
tasks • ijnsedlate  ln£onBation>processlng  tasks  and  storage**o£-infomation  tasks* 
The  former  are  roughly  in  phase  with  body  temperature  rhythm  (perhapa  coinci- 
dentally) and  the  latter  are  out  of  phase  «flth  this  rhythm.  Monk  at  al. 
found  that  the  memory  load  of  a particular  task  can  Influence  not  only  the 
phase  of  Its  circadian  rhythm*  but  also  the  rate  at  which  the  phase  of  the 
rhythm  adjusts  to  a new  sched^e.  It  was  concluded  that  theae  results  are 
Inconsistent  with  the  notion  that  mental  performance  can  be  considered  to  have 
a single  rhythm  with  a particular  phase  and  rate  of  adaptation. 

It  Is  clear  that  future  studies  need  to  direct  closer  attentior.  to  differ- 
ences in  the  basic  processes  underlying  different  performances.  Sutenfranz 
and  Colquhoun^’*^  propose  a taxonomic  approach  to  be  used  In  future  performance 
rhythm  research  which  may  help  clarify  the  parameters  under  study.  It  Is  also 
Imperative  that  studies  of  performance  rhythms  In  shift  work  and  rapid  time 
zone  changes  utilize  tests  which  represent  a meaningful  simulation  of  certain 
aspects  of  the  task  which  the  worker  actually  performs. 


D.  Sleep  and  Performance 

Homet*^^  after  a lengthy  review  of  stiidies  concerning  the  biological 
effects  of  total  sleep  deprivation  (TSD,  defined  as  deprivation  of  sleep 
exceeding  24  hours),  concluded  that  TSD  does  not  appear  to  produce  any  major 
changes  In  biochemical  and  physiological  measures  of  somatic  functioning.  This 
would  imply.  In  addition,  that  there  Is  little  support  for  the  theory  that 
body  restitution  plays  a significant  role  In  the  functions  of  sleep.  Home 
has  offered  six  major  criticisms  of  the  experimental  methodology  employed  in 
TSD  research:  1)  apart  from  TSD  Itself,  most  studies  utilized  unnatural  and 

unrealistic  environments;  2)  many  etudles  may  have  been  of  Insufficient  length 
to  detect  any  major  disruption  of  somatic  functioning;  3)  the  somatic  func- 
tions measured  were  often  of  limited  range  and  were  Inadequately  analyzed; 

4)  subjects  were  constitutionally  stereotyped,  being  primarily  fit,  young. 
Intelligent  male  adults;  5)  reported  statistical  differences  may  have  been  of 
no  physiological  significance,  while  changes  of  possible  statistical  signifi- 
cance could  have  been  obscured  by  analytical  procedures;  and  6)  behavioral 
variables,  such  as  novelty  and  anticipation,  may  have  been  confounding  real 
effects  of  TSD.  These  criticisms  may  help  account  for  the  confusion  and 
contradiction  prevalent  In  the  study  of  effects  of  sleep  loss  on  human 
perfoxmance. 

Compared  to  TSD,  there  are  only  a few  studies  on  partial  sleep  loss  (PSL). 
Johnson  and  Haltoh^”’  reported  difficulty  In  finding  studies  demonstrating  a 
consistent  performance  deficit  during  short  periods  of  sleep  deprivation.  As 
with  TSD,  an  Important  source  'f  variance  In  PSL  studies  Is  the  circadian 
effect.  Whether  sleep  Is  shortened  by  going  to  bed  later,  getting  up  later, 
or  by  fragmentation  of  sleep,  there  Is  an  alteration  in  the  timing  of  the 
sleep'wake  cycle.’’’’  Because  of  this  alteration  It  is  difficult  to  determine 
If  the  changes  observed  following  PSL  were  due  to  short  sleep,  or  slsqtly  to 
the  imposition  of  sleep  (or  wakefulnass)  on  an  unaccustomed  portion  of  the 
circadian  cycle.  Subsequent  to  changes  In  both  sleep  times  and  sleep/waking 
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cycles*  disruption  of  the  clrcedlen  cycle  suty  be  sore  relevsnt  to  waking 
behavior  (performance  and  subjective  sMod)  than  PSL  per  se.*** 

The  effects  of  PSL  on  performence  are  also  confounded  by  the  inherent 
organisation  of  sleep  ataM  patterns,  since  shortening  of  sleep  changes  the 
type  of  sleep  obtained.**^  Despite  considerable  reseerch*  the  function  of 
Stage  4 and  REN  sleep  resMln  a mystery.  Moees  et  al. and  others  have 
verified  the  ult radian  character  of  the  REM  sleep  cycle,  but  whether  REM  sleep 
represents  a sleep-dependent  rhythm  or  Kleltaan's  Basic  Rest-Activity  Cycle  is 
still  in  controversy. 

Taub^****  and  other  researchers  have  investigated  napping  behavior  and  its 
relationships  to  performance,  mood  states  and  sleep  physiology.  Mapping 
appears  to  serve  different  but  important  functions  for  different  types  of 
individuals. Aside  from  those  who  deliberately  don't  nap,  there  are  habit- 
ual appetitive  nappers  (who  nap  lightly  for  psychological  reasons  apparently 
unrelated  to  reported  sleep  needs)  and  replacement  nappers  (who  seem  to  nap 
regularly  in  response  to  temporary  sleep  deficits). 

D.  1 Total  sleep  deprivation-  A nuod>er  of  recent  laboratory  studies^*''* 
2eS,291,«02,S3  5,sVr,VSi';Vi'i~14ii,10a%,1119,12ei,128*»,12a7,lS0«,ie%l,192S 

reported  decrements  in  human  performance  and/or  changes  in  siood  states  result- 
ing from  TSD.  A considerable  variety  of  different  tasks  were  employed  includ- 
ing vigilance,  interrogation  rate,  motor  and  visual  response  time,  continuous 
or  sustained  work,  immediate  recall  of  word  lists,  vision  accommodation, 
letter  cancellation,  logical-reasoning,  coding,  tracking  or  monitoring,  and 
pursuit  rotor.  The  durations  of  TSD  in  these  studies  ranged  from  24  to 
100  hours.  Deficits  in  Mrfonsance  were  also  found  to  vary  «rlth  personality 
types.  Lester  et  al.^^**  reported  the  combination  of  high  ego  strength  and 
low  impulsiveness  to  be  associated  with  better  vigilance  task  performance. 

In  contrast  with  many  laboratory  studies,  reports  on  research  conducted 
during  continuous  operations  tend  to  play  down  the  role  of  TSD  in  producing 
any  significant  decrements  in  performance.  Morgan  et  al.^^*^  Investigated  the 
effects  of  continuous  work  and  sleep  loss  on  sustained  performance  and  recov- 
ery during  continuous  operations.  It  was  concluded  that  appropriately  moti- 
vated and  scheduled  individuals  should  be  able  to  follow  a 36  hour  continuous 
work,  12  hour  recovery  schedule  with  minimum  decrements  in  performance. 

Johnson  and  Naltoh’*’’  reported  that  within  the  36-48  hour  range  of  TSD 
likely  to  be  experienced  by  aircrew  personnel,  no  consistent  or  uniform  per- 
formance decrement  has  been  found  in  operational  studies  despite  laboratory 
reports  of  decrements  on  certain  tasks.  These  investigators  pointed  to  the 
major  Importance  of  type  of  task,  the  environment  in  which  the  task  is  per- 
formed, and  individual  differences.  It  appears  that  the  problem  of  relating 
laboratory  studies,  operational  studies,  imd  the  tasks  actually  required  of 
specific  populations  of  workers  (such  as  commercial-aviation  pilots)  has  not 
yet  been  resolved. 

D.2  Partial  sleep  deprivations-  Webb  and  Agnuw^*^’  conducted  a study  on 
the  effects  of  a chronic  limitation  of  sleep  length  (5-1/2  hours  of  sleep  a 
night  for  60  days)  and  found  that  only  the  Wilkinson  Vigilance  Task  showed  a 
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decllnA  in  perfonance  with  this  schsdule  of  rsstrlcted  sleep.  Inltlel  diffi- 
culties in  srousel  froii  sleep  In  the  nornlng  end  feelings  of  drowsiness  during 
the  day  did  not  renaln  throughout  the  experiment.  In  addition*  mood  states 
showed  no  changes  on  this  schedule. 

Johnson***  reported  that  PSL  appears  to  be  a part  of  most  aircrew  opera- 
tions* especially  those  involving  time  zone  changes.  Of  far  more  significance 
than  the  actual  amount  of  sleep  loss  is  the  disruption  of  the  circadian  sleep- 
wake  cycle.***  During  flight  operations  sleep  appears  to  be  frs0Mnted  and  is 
often  scheduled  at  unusual  hours.  Flights  during  the  usual  sleep  periods  are 
accompanied  by  greater  accumulated  sleep  deficits.***  Subjective  feelings  of 
fatigue  are  major  findings  in  both  the  laboratory  and  operational  setting. 
Subjective  attitudes  (zK>od*  appearance*  and  behavior)  as  well  as  individual 
su9ceptibillty  or  tolerance  to  effects  of  PSL  are  also  felt  to  be  important 
factors  in  crew  performance.*** 

D.3  RBI  sleep-  Kripke^**^  demonstrated  an  ultradlan  biological  rhythm  of 
10  to  20  cyclu/day  associated  with  perceptual  deprivation  and  REM  sleep. 

These  findings  supported  the  concept  of  a discrete  oscillatory  mechanism  modu- 
lating physiologic  systesm  and  behavior. 

Salamy^***  suggested  that  RBI  sleep  deprivation  in  an  instrumental  per- 
formance study  possessed  aiotlvational  properties  analogous  to  other  physiolog- 
ical motives  (such  as  hunger  and  thirst).  However*  Costello  and  Ogilvie*** 
concluded  that  selective  REM  sleep  deprivation  can  produce  performance  deficits 
similar  to  those  of  TSD.  Such  decrements  can  only  be  shown  when  the  tasks  are 
long  in  duration,  repetitive  in  value*  low  in  interest  and  incentive*  and  high 
in  conqplexity.  *** 

Johnson  et  al. ***  conducted  research  on  the  relation  of  stages  of  sleep 
to  performance  and  concluded  that  the  view  of  sleep  stages  as  unique  need 
states  is  probably  too  simple.  The  disruption  of  the  sleep-waking  cycle  and* 
during  sleep*  the  disruption  of  the  REM-HREM  sleep  cycle  are  probably  more 
relevant  to  waking  performance  than  the  total  amount  of  time  spent  in  specific 
sleep  stages.***  In  a later  study*  Johnson  and  Naitoh***  concluded  that 
deprivation  of  REM  sleep  or  Stage  4 sleep  produces  no  behavioral  changes  sup- 
portive of  earlier  beliefs  that  the  two  sleep  stages  (especially  REM  sleep) 
were  necessary  for  effective  waking  behavior. 

D.4  Haps-  Taub  et  al. ****  found  significant  improvements  in  reaction 
time  and  alteration  of  subjective  arousal  after  daytime  naps.  Taub  et  al. **** 
reported  that  the  relative  amounts  of  REM  sleep  and  Stage  4 sleep  in  naps 
occurring  after  a regular  7-8  hours  of  ni^t  sleep  chsngsd  progressively  as 
napping  transpired  later  in  the  day.  Homing  naps  , closely  resembled  the 
terminal  portion  of  nocturnal  sleep  containing  much  REM  sleep  time  but  vir- 
tually no  Stage  4 sleep.  In  contrast*  evening  naps  were  heavily  concentrated 
in  Stage  4 sleep  but  contained  only  limited  REM  sleep.  *^*^*  Maps  late  at  night 
appear  to  be  compensatory  in  nature*  while  morning  naps  seem  to  occur  inde- 
pendently of  obvious  physiological  sleep  requirements. 

Taub  and  Tanguay**^*  found  enhanced  performance  on  an  auditory  reaction 
time  task  following  afternoon  naps.  Lubln  et  al. ^^^*  reported  that  while 
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exercise  increased  isq>eiraent  in  perfomance  due  to  sleep  loss*  naps  reduced 
or  removed  this  iaipainMnt.  The  iuportsnce  of  napping  in  possibly  alleviating 
perfomance  decreoMnta  in  individuals  chronically  sleep  deprived  or  desynchro- 
nised has  as  yet  received  little  attention,  however. 

D.5  Conclusions-  The  paucity  of  data  indicating  a clear  perfomance 
decrenent  following  sleep  loss  does  not  dlainish  the  ieportsnce  of  adequate 
sleep  in  alleviating  the  problsas  caused  by  repeatsd  ties  sons  crossings,  or  as 
a of  reducing  the  physiological  cost  of  air  operations.  What  is  needed 

is  a statistically  reliable  method  of  measuring  performance  decrements  in  the 
actual  operating  situation.  In  the  meantime,  operational  planning  involving 
aircrew  personnel  might  use  the  time  taken  to  return  to  prsHsission  sleep 
patterns  (sleep  stabilisation)  as  a measure  of  minimum  recoverability  tliw, 
and  at  least  avoid  the  obvious  perfomance  problems  resulting  from  cumulative 
build-up  of  sleep  loss  and  disruption. 


E.  Other  Factors  and  Performance 

E.  1 Drugs  and  hypoglycemia-  Billings  et  al.**^'  recorded  in-flight  per- 
formance of  pilots  who  were  under  the  Influence  of  alcohol  at  one  of  three 
blood- level  concentrations.  Procedural  errors  increased  significantly  in  fre- 
qttency  potential  seriousness  with  each  increase  in  blood-alcohol  level. 

At  the  highest  level,  the  subjects  lost  control  of  the  aircraft  16  times  in 
30  flights. Tracking  error  and  variability  also  Increased  with  alcohol 
level. 

In  another  study,  Billings  et  al.*'*  found  results  indicating  that 
alcohol-induced  pilot-performance  degradation  may  occur  first  in  secondary 
tasks  rather  than  in  the  primary  flying  task.  Apparently  even  highly  skilled 
aviators  exhibited  potentially  dangerous  deterioration  in  performance  at 
blood-alcohol  levels  as  low  as  0.04Z. 

Gerke  et  al. ****  reported  seem  decremental  effects  on  pilot  performance 
under  all  levels  of  diazepam  studied.  Nicholson^’’’  investigated  the  residual 
effects  of  hypnotics  on  perfomance,  finding  that  while  methaqualone  hydro- 
chloride (400  mg)  and  diazepam  (10  mg)  had  limited  perfomance  effects,  bar- 
biturates and  benzodiazepines  appeared  to  lead  to  performance  deficits  lasting 
well  into  the  next  day. 

Harper  and  Kldera^^^  reported  on  the  incidence  of  chemical  and  clinical 
hypoglycemia  in  175  airline  pilots.  A high  Incidence  of  functional  hypogly- 
cemia was  detected.  The  incidence  of  potential  hypoglycemic  pilots  over  age 
40  was  found  to  be  25%.^’^  Cases  Involving  compromises  in  flight  safety  of 
hypoglycemic  etiology  were  presented. 

The  hazards  of  pre-flight  drug  use  and  hypoglycesd.a  in  pilots  is  illus- 
trated by  an  MTSB  report  of  a fatal  aircraft  accident.***  The  investigation 
concluded  that  performance  errors  which  led  to  the  fatal  crash  at  2248  hours 
(EDI)  were  due  (in  part)  to  the  degraded  physiological  condition  of  the 
captain  which  seriously  impaired  his  performance.  The  captain  was  taking 
polythlazlde  (a  hypertensive  medication)  and  allopurinal  (a  medication  for 


13 


gout).  In  addition*  tha  captain's  only  known  food  intake  occurred  in  the  late 
afternoon,  several  hours  before  the  crash. 

E.2  Physiology  and  perfor»ance~  Only  a small  percentage  of  recent  studies 
investigated  the  physiological  aspects  of  fatigue  a^  sleep  deprivation  in 
relation  to  performance  rhythms.  The  Importance  of  circadian  variations  in 
biochemical  changes  with  respect  to  fati^e  and  performance  was  described  in 
two  75-hour  sleep  deprivation  studies.**”  Because  catecholamine  excretion, 
psychomotor  performance,  and  psychological  ratings  were  all  measured  (every 
3 hours),  this  work  represents  one  of  the  few  Integrated  studies  of  its  kind. 
All  biochemical  variables,  as  well  as  fatigue  and  distress  ratings,  exhibited 
circadian  rhytfasis.  Adrenalin  had  maximum  values  in  the  afternoon  and  minimal 
values  in  the  early  morning,  while  noradrenalin  and  urine  flow  peaked  during 
morning  hours.***  Fatigue  ratings  were  lowest  about  the  time  of  maximum 
adrenalin.  Adrenalin  secretion  was  thus  highly  positively  correlated  with 
performance  and  negatively  correlated  with  fatigue  ratings.***  The  reverse 
was  true  of  noradrenalin  excretion.  There  were  no  marked  changes  over  days 
in  catecholamine  excretion  or  diuresis.  Further  study  revealed  that  the  corre- 
lation between  adrenalin  and  fatigue  rates  was  not  due  to  sleep  loss,  per  se. 
while  sleep  loss  was  found  to  be  an  Important  factor  in  the  positive  relation- 
ship of  noradrenalin  to  performance  and  fatigue.*** 

In  general,  the  physiology  of  sleep  deprivation  is  unclear.  One  study 
found  that  the  ability  to  regulate  body  temperature  was  not  reduced  by  sleep 
loss,  and  concluded  that  despite  considerable  psychomotor  impairment  during 
sleep  deprivation,  physiological  regulatory  mechimisms  were  relatively 
unaffected  by  sleep  loss.**” 


F.  Environmental  Factors  and  Performance 

The  conflicting  reports  and  conclusions  presented  in  Beljsn  et  al.^^^ 
with  regard  to  the  detrimental  effects  of  environmental  factors  on  performance 
remain  unsolved.  Pierson^***  reported  no  significant  effects  on  psychomotor 
and  decoding  tasks  of  turbopron  aircraft  noise  and  an  8000  foot  altitude  in 
aircrews.  Hawkins  and  Barber^^^  found  that  negative  ionization  in  the  air  was 
associated  with  a significant  increment  in  psychomotor  performance.  Positive 
ionization  appeared  to  have  no  effect. 


G.  Conclusions 

A review  of  the  recent  literature  revealed  an  enormous  increase  of  sleep- 
related  research  during  the  last  decade.  Such  research  forms  a major  portion 
of  the  literature  relevant  to  performance  decrements  and  circadian  rhythms. 
Studies  on  environmental  factors  such  as  noise,  vibration,  altitude,  and  air 
ions  in  relation  to  performance  represented  a much  smaller  percentage  of  the 
literature. 

The  need  for  studies  integrating  both  psychological  and  physiological 
measures  is  quite  apparent.  The  lack  of  coordinated  measures  on  psychomotor 
and  higher  brain  function  tasks  as  well  as  on  physiological  parameters  in  the 
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spaciflc  •nvironaental  Mtting  umd«r  study  has  rssultsd  la  ths  production  of 
Isolated  axparlsMintal  results  vhieh  cannot  ba  naanlngfully  Intagratad,  Thars 
is  oven  serious  question  whsthsr  the  results  found  in  nilitary  aircrav  opera- 
tional studies  are  applicable  to  pilots  in  cosMrcial  aviation. 

Further  rassarch  integrating  EB6  sleep  patterns*  psychoaotor  and  higher 
brain  functioning  aeasures*  and  physiological  variables  (especially  from  blood 
and  urine  samples)  taken  in  both  the  laboratory  and  on  board  cosuMrical  air- 
craft are  reconmended.  In  addition*  research  into  the  simultaneous  effects  of 
sleep  loss*  environmental  factors*  drug  use*  diet  and  meal  times*  and  rapid 
time  sons  crossings  on  commercial  pilots  might  considerably  clarify  the  pos- 
sible additive  or  synergistic  nature  of  these  parameters  on  performance  in 
flight.  The  possibility  exists  that  ths  natural  depression  of  arousal  during 
certain  tines  of  the  day  may  combine  with  other  causes  of  performance  decre- 
ment to  form  a crucial  factor  in  commercial  aviation  accidents. 
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III.  PHASE-SHIFT 


A.  Introduction 

The  continuous  technical  developments  In  air  traffic  make  It  possible  for 
human  beings  to  cover  large  distances  In  ever  shorter  periods  of  time.  Until 
about  the  middle  of  the  present  century  the  greater  part  of  travelling  was 
dependent  on  such  means  of  transportation  as  railroads • cars  or  ships*  all  of 
which  require  a relatively  long  time  for  long-distance  Journeys.  Modem  Jet 
aircraft  make  it  possible  to  cover  these  distances  In  Just  a few  hours. 

Unlike  flights  In  a north-south  direction*  trips  In  an  easterly  or  westerly 
direction  Involve  the  crossing  of  time  zones*  with  a time  shift  of  one  hour 
for  every  15  meridians  crossed  (360*— 24  hours). 

The  extent  to  which  such  transmerldlan  trips  can  have  a disturbing  effect 
on  the  human  organism  will  largely  depend  on  the  travelling  speed  and  the  num- 
ber of  time  zones  that  are  crossed.  In  the  case  of  trips  by  ship  or  rail  the 
body  will  not  have  any  great  difficulty  In  adapting  Its  rhythmic  functions  to 
the  slowly  changing  local  time.  In  the  case  of  air  trips  across  several  time 
zones*  on  the  other  hand*  the  traveller  Is  abruptly  transferred  Into  an  envl- 
romsent  where  the  rhythm  of  the  external  time  givers  Is  displaced  by  several 
\ hours*  forward  or  backward*  with  respect  to  that  of  the  point  of  departure. 

I This  leads  to  a temporary  desynchronization  between  the  external  Zeltgebers 

[ and  the  circadian  rhythsts  of  the  huzian  body. 

I 

This  condition*  or  Its  symptoms*  has  been  variously  called  "desynchrono- 
* sis*"  "Jet-laa."  "time  zone  fatigue*"  "phase-shift  syndrome*"  and  a variety  of 

other  terms. Upon  deplaning,  passengers  and  crew  aiay  experience  states  of 
Irritability*  disorientation*  distoiiion  in  the  sense  of  time  and  distance* 
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ach««  of  various  typas.  digeatlva  upsets « and  disturbances  In  sleep  habits. 
The  effects  of  phase-shift  sod  desynchronosls  are  of  particular  Importance  to 
the  aviation  and  space  environments  In  that  they  Influence  human  performance 
rhythms  and  levels  as  well  as  physiological  rhythms. 


B.  Effects  of  Sleep  Disturbances  on  Performance 

Tests  carried  out  using  a nugri>er  of  different  tasks  confirm  that  human 
performance  varies  to  a dally  rhythm. ’*^**^*  Generally,  performance  rhythm 
rises  during  the  day  to  a plateau  between  1200-2100  hours,  then  declines  to  a 
minimum  which  Is  usually  positioned  at  0300-0600  hours  at  night.  A post-lunch 
dip  In  performance  occurs  around  1300  hour  regardless  of  when,  or  whether  or 
not.  lunch  Is  eaten.  A number  of  factors  such  as  phase-shifted  or  displaced 
sleep,  decreased  motivation,  and  Increased  stress  can  negatively  Influence 
levels  of  performance.’^^  In  field  studies,  the  rate  of  operational  errors 
proved  dependent  on  both  time  of  day  as  well  as  on  the  length  of  the  preceding 
duty  period.*^® 

If  time  zones  are  crossed,  the  sleep-wake  period  Is  phase-shifted  with 
respect  to  the  performance  rhythm,  because  the  performance  rhythm  Is  still 
tied  to  the  Zeltgeber  of  the  place  of  departure.  Thus,  waking  activity  Is 
Imposed  on  circadian  sleep  time.  During  the  hours  when  tonic  physiological 
levels  are  set  for  sleeo  rather  than  wakefulness,  the  "readiness"  for  mental 
performance  Is  reduced. The  variance  of  amplitude  of  the  performance 
rhythm  (the  difference  between  the  maximum  and  minimum  performance  scorea  on  a 
given  test)  within  a circadian  cycle  Is  also  task-dependent.  This  variation 
has  been  shown  mder  laboratory  conditions  to  be  between  12-2SZ  of  the  24-hour 
mean  performance  level.'^®  and  was  shown  In  certain  cases  to  be  as  high  as 
30-502  of  the  dally  mean  In  shift-workers.  The  amplitude  of  the  cycle 
Increases  with  more  complex  tasks,  and  la  flatter  with  easier  tasks. 

Both  loss  of  sleep  and  the  teisporal  displacement  of  the  sleep-wake  cycle 
as  a result  of  time  zone  crossing  adversely  affect  performance.  Sleep  distur- 
bances are  almost  Inevitable  In  long  range  aviation  In  which  aircraft  fly 
round-the-clock  and  Irregular  working  periods  break  Into  the  normal  body 
"night."  Similar  problems  occur  in  other  occupations  which  Involve  rotation 
of  shifts  or  extended  or  unusual  work-rest  schedules.  When  sleep  Is  disturbed. 
It  Is  probable  that  at  times  the  subject  Is  also  experiencing  some  sleep 
deprivation.  Pilots  subjected  to  repeated  transmerldlan  flights  often  com- 
plain of  difficulties  in  falling  asleep,  spontaneous  awakenings  during  the 
night  and  abbreviation  of  sleep  by  early  duty  hours.’®’ 

The  occurrence  of  performance  decrements  following  total  sleep  depriva- 
tion and  other  acute  alterations  In  the  amount  of  sleep  Is  well  docu- 
mented. ^®®**®®*^^®’  Taub  and  Berger^®®*»^®^'  have  shown  that  sleep  extended 
beyond  the  normal  7-8  hour  length  also  results  In  performance  decrements. 
Additional  studies  by  Taub  and  Berger  have  Indicated  that  deficits  of  perfor- 
mance and  mood  occur  following  a 2-4  hour  dlsplaceisent  of  sleep.  In  either 
direction,  within  a 24  hour  period  when  the  total  amount  of  sleep  Is  held 
constant. These  effects  were  shown  to  occur  for  habitual  long  sleepers 
(9.5-10.5  hours)  as  well  as  normal  sleepers  (7-8  hours). ^®^® 
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The  Inporcance  of  the  aMlncenence  of  an  eetabllehed  teoiporal  rhyttai  of 
the  aleep'^ake  cycle  la  further  indicated  by  Rusalan  atudlea  Inveatlgatlng  the 
effecta  of  teaporal  algratlona  of  the  aleep-vake  cycle  on  perfonance.  Even 
the  gradual  poatponeaent * or  phaae-ahlftlng,  of  aleep  to  progreaalvely  later 
tlmea  of  the  day  over  extended  periods  of  tine  has  profound,  negative  effects 
on  perfomance,  physical  functions  and  sleep  patterns  of  nan.***^^*^*^^****^^’^ 

It  la  clear  that  one  of  the  naln  problems  In  aviation  Is  sleep  distur- 
bance. Sleep  deprivation  and  its  resultant  negative  effects  on  perfonsance 
Is  also  Important  to  consider  In  that  sleep  deprivation,  superls^osed  on  an 
altered  sleep  pattern,  further  aggravates  performance.^*^* 


A decrement  in  performance  has  been  shoim  to  occur  and  persist  for  some 
minutes  Imsedlately  after  awakening.  The  extent  of  this  decrement  Is  depen- 
dent upon  two  variables.  One  variable  Is  task-complexity.  The  largest  decre- 
ment occurred  during  the  first  3 minutes  for  both  reaction  time  and  tasks 
Involving  higher  mental  functioning.  For  more  difficult  tasks,  effects  were 
shown  to  persist  for  up  to  12  minutes.  A second  parameter  influencing  post- 
arousal performance  Is  the  stage  of  sleep  from  which  the  subject  Is  aroused. 
Subjects  arouse  slowly  from  Stage  4 sleep  and  then  perform  well,  while  subjects 
awaken  more  rapidly  from  KEM  sleep  but  perform  poorly* ^^*>**** 

Temporal  relations  of  sleep  and  the  effects  of  sleep  deprivation  on  per- 
formance are  Important  considerations  In  the  design  of  dutv  schedules  which 
Involve  rotating  shifts  and/or  unusual  work-rest  cycles. ^*^*  Flight  studies 
performed  on  aircrews  working  repeated  4/4,  10/10,  and  16/16  hour  duty-reat 
schedules  Indicated  that  these  schedules  disrupted  normal  sleep  rhythms  con- 
siderably, and  led  to  sleep  deficit  with  consequent  subjective  fatigue  and 
reduced  performance.^**  In  addition,  the  decline  In  performance  levels 
observed  under  these  schedules  was  Influenced  by  the  time  of  sdsslon  departure. 
Performance  decrements  were  found  to  be  significantly  larger  (33Z  compared  to 
IIZ)  and  recovery  was  less  complete  for  crews  whose  continued  schedule  began 
during  the  low  point  of  the  subjects'  pref light  circadian  performance  rhvthms 
(crews  beginning  at  0400  hours)  than  In  crews  which  began  at  1600  hours. 


There  Is  a close  relationship  bet%reen  fatigue  and  sleep  deprivation  and 
phase-shift  of  the  sleep-wake  cycle. ^*^  Both  stress  and  fatigue  are  Important 
contributors  to  perfomance  decrement.  In  his  studies  on  the  management  of 
Irregular  rest  and  activity,  Hartsian^*’  reported  that  fatigue  levels  In  air- 
crews following  a 4/4  or  16/16  work-rest  schedule  on  extended  sdeslons 
Increased  rapidly  during  the  first  18  hours,  and  stabilised  thereafter  at  a 
level  Indicating  moderate  persistent  fatlgiie.  The  fatigue  effects  observed 
were  not  relieved  by  on-board  sleep.  Decrementr  in  vigilance  observed  after 
10  hours  of  flight  have  been  shown  to  he  related  to  fati^e  effects.  These 
effects  accumulated  with  prolonged  and  repeated  flights.^***  From  a study  In 
which  subjects  perfonsed  complex  psychoisotor  tests  under  simulated  conditions 
of  an  extended  2 hour  work-rest  schedule,  Kale^**^  reported  that  altitude 
effects  (8000*)  Intensified  assessed  fatigue  levels,  whereas  low  humidity  was 
found  to  reduce  fatigue.  The  extant  to  which  fatigue  and  stress  aggravated 
the  desynchronosls  syndroM  has  not  been  quantified.  Part  of  the  problem  lies 
In  the  design  of  field  experiments  In  which  fatigue  levels  can  be  accurately 
and  separately  assessed.*'*  The  task  of  recreating  all  iaqtortant  variables  on 
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th«  giraund  regarding  boti  tine  changa  and  tha  nan  anvlrowant  alao  praaanta 
conaldarabla  difficulty. 


C.  Ef facta  of  TranaoMrldian  Fllgihc  on  Circadian  XliythM 

Aa  atatad  pravloualy*  trananarldlan  flight  Involvaa  a phaaa*ahlft  batwaan 
tha  body  circadian  rhythaa  which  ara  aynchronlaad  to  dapartura  tlaa»  and  tha 
Zaltgabara  at  tha  place  of  daatinatlon.  Thua*  fllghta  acroaa  tlaa  aonaa  forca 
a raatructurlng  of  tha  many  circadian  oacillatlng  ayatena*  resulting  In  exter- 
nal daaynchroaoals  and  Its  syaptons. 

Sons  of  tha  phyalologlcal  rhythns  aff acted  by  axtamal  desynchronisation 
ara:  tha  slaap-waka  cycle*  body  tanparatura*  pulse  rata*  respiration*  arterial 

praasura*  diuresis*  and  excretion  of  X^«  Ha''**  17-hydroxycortlcoataroids*  and 
17-ketoatarolds  In  urlna.^^^* 

That  transaarldlan  flight  and  tha  resulting  external  desynchronisation 
also  adversely  affect  perfomance  has  bean  well  doctsaantad  by  Klein  and  hla 
co-workers. **^***^****'*^*  Using  both  pilot  and  student  populations  as  aub- 
Jecta*  and  tests  designed  for  occupational  reallsn  and  circadian  rhythsdclty* 
his  studies  Indicated  that  significant  perfomance  decranents  occurred  after 
crossing  tine  sones.  After  crossing  six  tlM  sonas*  24  hour  sMan  parforaanca 
levels  decreased  3-4Z  coapared  to  preflight  levels.  Perforownce  decrenanta  In 
both  simple  tasks  such  as  resctlon  time  as  well  as  complex  sensorimotor  skills 
required  to  operate  flight  simulators  were  more  severe  following  easterly 
flights.  Simpler  tasks  recovered  to  baseline  levels  after  three  days*  but 
decrements  in  cooqtlex  tasks  persisted  for  up  to  five  days  post-fllglit. 
Rehse*^***  testing  pilot  performance  on  flight  simulators  for  several  days 
before  end  after  croselng  nine  time  zones*  reported  a S-15Z  performance  deerr- 
ment  after  a westerly  flight*  and  an  18Z  decrement  after  an  easterly  flight* 
compared  to  preflight  levels.  Parforaanca  dacremants  followlna  transaarldlan 
flight  have  been  observed  In  many  other  studies  as  ^^* ***•»'’*• 

Hauty  and  Adasw^**  Included  north-south  flights  In  sddltlon  to  translongltudl- 
nal  flights  In  order  to  determine  whether  fatigue  or  stress  Induced  by  the 
flight  Itself  contributed  to  the  performance  degradation.  Effects  of  north- 
south  flight  were  found  to  be  Insignificant  compared  to  those  l^»oaed  by 
transmeridian  flight. 

Parallel  studies  on  transmeridian  flight  and  simulated  transmeridian 
flight  achieved  by  using  an  Isolation  unit  which  excluded  local  light*  zmbient 
temperature  and  sound*  showed  that  comparable  performance  decrements  and  sleep 
disturbances  resulted  under  both  simulated  and  actual  conditions.  The  perfor- 
mance decrement  was  also  obsarved  to  ba  graatar  In  the  easterly  flight  and  tha 
simulated  easterly  flight.*’* 

The  symptoms  of  external  desynchronization  are  commonly  observed  in  time 
shifts  exceeding  4 hours.  Obvious  impalmenc  In  sleep  and  digestion  are 
detected  when  time  shifts  exceed  6-7  hours.*”  In  the  formula  for  computing 
the  duration  of  post-flight  rest  proposed  by  ICAO  (International  Civil  Avia- 
tion Organization) * allowance  Is  made  for  shifts  equal  to  4 hours  or  more.’*’ 

It  is  evidently  assumed  that  lesser  shifts  exert  no  appreciable  negative 
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«f facts*  Howavsr,  tbsra  la  axparlaantal  avldsaca  which  indicatas  that  advarsa 
af facta  ara  obsarvabla  on  soaa  paraaatara  aftar  shifts  of  only  2-3  hours. 
Studlaa  by  Glntat**^  indlcatad  that  3*hour  tins  shifts  axartad  a subatantlal 
influanca  on  tha  functional  atata  of  tha  body  which  can  hava  nagativa  affacta 
on  tha  parfomanca  of  Sihlataa.  Lltsov^^**  raportad  that  nost  craw  nanbara  of 
tha  spaeashlpo  **Soyus-3*'  » "Soyux«8"  suffarad  elaar  Inpalmants  in  ganaral 
wall-balng,  a dacraaaa  In  parfomanca  and  datarloratlon  of  alaap»  which  par- 
alstad  for  aavaral  days*  aftar  axparlanclng  only  a 2 hour  tins  shift. 

ThiiSt  It  la  gulta  apparant  that  tha  crossing  of  tins  sonaa  and  tha  ratult- 
Ing  phaaa-ahlft  of  parfomanca  and  physiological  rhythm  raaults  In  significant 
parfomanca  dacranants.  The  raasons  for  tha  dacranants  suiy  not  ba  solaly 
ralatad  to  a shift  In  tha  circadian  rhythsi  of  parfomanca.  but  nay  ba  tha  and 
rasult  of  nany  factors  underlying  or  conprlslng  tha  dasynchronoais  syndroaa. 
a.g. . slaap  dlsturbancaa.  Other  factors  include  task  conplaxlty.  Increasing 
fatigue  at  tha  and  of  a work  shift  and  Individual  variations. 


D.  Factors  '/.nfluanclng  Rata  of  Ra-antralnnent  After  Phase-Shift 

of  tha  Zaltgebar 

Tha  extant  and  duration  of  thu  dysrhythnic  changes  that  occur  after  trans- 
aarldlan  flight  depend  on  a nunbar  of  factors*  including  flight  direction 
(cast  versus  west),  angle  of  tha  phase-shift  (related  to  tha  mnber  of  tlOM 
zones  crossed),  flight  conditions  and  tha  intensity  of  tha  Zcltgabars. 

Phase  adjustnant  of  both  physiological  functions  and  parfomanca  take 
nora  tine  aftar  an  easterly  flight,  which  Involves  a nhaaa-advanca » than  a 
westerly  flight,  which  involves  a phasa-dalay.****'®^'*'^***'***  DaRoshla 
deaonstratad  tha  sasM  affect  In  nonkeys  using  altered  light-dark  conditions  to 
slnulatc  easterly  and  westerly  flights.  As  in  nan.  body  tanparatura  rephasal 
after  a phase-delay  was  nora  rapid  than  aftar  a phase-advance.^^*  Other  spe- 
cific flight  conditions  concerning  relative  flight  direction  (honaward  versus 
outgoing)  and  tha  tins  of  flight  departure  (day  versus  night)  have  no  effect 
on  re-entralns«nt.*^****** 

The  "asynnetry  effect”  Just  described  Is  opposite  to  that  observed  In 
huaans  under  controlled  conditions.  Under  slnulatad  conditions,  rephasal  was 
observed  to  take  longer  after  a phase-delay  than  after  a phase-advance.  It  Is 
not  clear  why  this  discrepancy  exists.  Differences  between  the  two  types  of 
experiments  Involve  Isolation  versus  social  contact,  artificial  versus  natural 
Zaltgabars*  and  Identity  of  Zcltgabars  before  and  after  flight.  Finally, 
there  Is  usually  neither  stress  nor  necessarily  sleep  deficit  during  simula- 
tion exparlmsnts  as  may  occur  during  real  flights. ^*'*^**  Another  factor 
which  Influences  ra-antralnmant  aftsr  a shift  of  Zaltgabars  Is  tha  "prafarrad” 
period  of  tha  circadian  system,  as  measured  under  constant  conditions.  Since 
human  subjects  tend  to  have  a "preferred”  period  longer  than  24  liours.  tha 
asynnatry  affect  observed  aftar  flights  Is  less  surprising  than  that  seen  In 
the  Isolation  unlt.^** 

Thera  Is  conaldarabla  variation  In  tha  rata  of  rasynchronlzatlon  of  Indi- 
vidual rhythms  In  both  humans  and  animals. ny>^*^«**»>i*^>»i***  After  a time 
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shift*  all  rhythu  srs  phsss^shiftsd  and  ths  rsaynchronltstion  p^'oesst  is  not 
conplatsd  until  ssch  rhythi  hM  irsphassd.  Fsrfoxnancs  rtqrtlM  rsphass  fairly 
rapidly  conparad  to  physiological  rhythns.  For  axanpls*  after  a tins  shift  of 
5-6  hours  (wnatsrly  direction)  the  perfomance  returns  to  preflight  levels 
after  two  days,  vhereas  the  sleep-vake  cycle  nay  require  two  to  three  days* 
the  body  tenMrature  rhythn  five  days*  and  cortisol  secretion  up  to  eight  days 
to  repliMe.^*’ 

Tha  strength  of  new  local  Zeltgdbers  also  Influences  rephasal  of  body 
rhythns  after  a phase  shift  has  occurred.^**  Social  contact  has  been  shown  to 
be  a powerful  Zelteeber  In  hunanS|  and  one  of  particular  Inportance  In  the 
field  of  eviatlon.^**»'*^**’**'^**»^***  Kleln"****^*  dononstrated  that  when 
subjects  were  restricted  to  Indoor  activity  In  the  relative  Isolation  of  their 
accoasK>datlons  after  trenanerldlan  flight*  reaynchronlsetlon  of  perfomance 
and  physiological  functions  took  significantly  longer  than  when  subjects  were 
allowed  outdoor  activity  and  social  contacts  with  the  new  envlronnent.  In 
anlaals*  where  the  llght-derk  Zeltgeber  is  noraally  donlnant*^**  only  sons 
evidence  for  social  entralnnant  la  known.  Owlnner'**  has  shown  that  spades- 
specific  song  cycles  fr«i  s tape  recorder  can  synchronise  circadian  rhythns  In 
birds  within  a snail  range.  Studies  by  Kohles  and  Osbeldlstron^***  have  shown 
social  entralnnent  In  Shesus  nonkeys.  Further  evidence  of  the  strength  of 
sodal  contact  as  a Zeltgeber  Is  denonstrated  in  pemanent  shift-workers. 
Theoretically*  the  circadian  rhythn  of  a person  who  la  active  at  night  should 
shift  180**  but  this  usually  does  not  occur  because  social  contact  acts  to 
keep  the  worker's  rhythns  entrained  to  the  day-active  cycle.  As  a conpronlse* 
rhythn  functions  often  exhibit  a reduced  aa^lltude  and  defosnatlon*  rather 
than  a complete  shift. '****^**^*®* 

The  llcht-dark  cycle  has  been  shown  to  be  only  a weak  Zeltgeber  In 
huaans. ^’^'^***  ExperlsMnta  involving  Influence  of  the  light -dark  cycle  alone 
and  of  light-dark  cycles  In  conjunction  with  social  Zeltgebers  Indicated  that 
the  Influence  of  the  light-dark  cycle  alone  la  snail  In  conoarison  to  the 
light -dark  cycles  which  are  augnented  by  social  contact. Anplltuda*  phase 
position  and  vavofom  of  the  rhythns  were  the  sane  for  social  Zeltgebers  with 
and  without  the  addition  of  light-dark  Influence. 

A conaon  complaint  after  crossing  tine  sones  Is  the  feeling  oi  hunger  at 
odd  hours  of  the  day.  Despite  the  fact  that  an  upoet  eating  schedule  nay  be 
reflected  In  disturbances  of  the  cycles  of  waste  ellnlnatlon*  blood  amino 
acid  levels  and  other  visceral  activities,  the  timing  of  meals  does  not  appear 
to  act  as  a strong  Zeltgeber  In  hi»ans.'*’»^****'**'  Circadian  rhythns  per- 
sist in  humans  vlrtuallA  without  alteration  both  In  subjects  who  are  coaqpletely 
starved  and  those  who  receive  constant  amounts  of  food  at  short  Intervals.*^* 
Ths  same  results  were  obtained  In  rat  studies.^*'*  However*  the  actual  timing 
of  meals  has  effects  on  at  least  some  rhythmic  variables.  The  Internal  timing 
of  rhythns  In  blood  hormones  concerning  the  fate  of  the  meal  (Insulfu*  gluca- 
gon* somatotropin*  and  cortisol)*  as  well  as  rhythns  in  blood  pressure  and 
pulse  can  differ  on  a regimen  of  breakfast  only  or  dinner  only.  Also*  the 
amplitudes  of  certain  plaasui-conatltuent  rhythns  are  increased  by  tln^  dally 
access  to  feed.^^*  Meal  tladne  does  act  as  a Zeltgeber  In  monkeys*  but  not  as 
a classical  Zaitgebar  In  rats.^**^^**  In  monkeys,  splitting  of  the  feeding 
periods  results  In  a blmodal  temperature  rhythn.  The  relation  anong 
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aurlM  circadian  rhyttes  of  ractal  taaparacura*  livar  glycogan,  and  comaal 
■icosia  diffara  aa  a function  of  whathar  faoding  ia  parmlttad  in  aarly  light  or 
aarly  darknaaa.’^* 

Indivlduala  ahou  eooaldarabla  variation  in  thair  raaponaa  to  daaynchro- 
noaia*  aa  vail  aa  variation  'u  chair  raphaaal  rataa  aftar  a tlM  aona 
ahift.*****^*»*^’*»*^**  Stttolja  hava  ahoun  that  25-30Z  of  tra*»aaridian 
travallara  hava  no  or  only  fair  difficultiaa  adjuatlng  to  tha  auddan  diaplaca- 
aant  of  tiaa  cuaa;  howavar*  about  an  aqual  parcantaga  vaa  aatlnatad  not  to 
adjuat  at  all.*’*  **Larka'*  or  "aoming**  paopla*  Indivlduala  vhoaa  body  taaipar-> 
aturaa  riaa  and  paak  aarly  in  tha  day*  tand  to  auffar  aora  froa  tranaaaridian 
flight  than  **owla**  or  **avaning*'  paopla  vhoaa  taaparatura«  riaa  and  paak  latar 
in  tha  day.****  "Larka"  alao  raaet  aora  advaraaly  to  nlfht  and  ahift-vork  than 
*'ovla.'****  Tha  duration  of  ra-antrainaant  ia  influancad  by  rhytha  faplituda; 
tha  larger  tha  aaplituda*  tha  longer  tha  raphaaal  period.*’**  Aa  a raault* 

** larks*"  who  typically  hava  highar  and  aora  atabla  taaparatura  aaplitudaa  than 
"owls"  usually  require  longer  periods  of  tiaa  to  adjtiat  to  tiaa  shifts. '** 

Due  to  tha  fact  that  tlia  body  taaparatura  rhytha  of  "larks"  are  phase-advanced* 
ccitpared  to  "owls"  (phasa-dalayad) * tha  foraar  tand  to  suffer  acre  from  sleep 
disturbances  as  a raault  of  night  or  rotating  shift-work.**** 

Russian  investigators  are  developing  tachniouas  by  which  overall  "rhythm 
stabllitias"  can  be  assaasad  in  Individuals. **’»***’•*’**•*’**•***’  Stepanova 
states  that  individuals  can  be  classified  into  three  groups*  "inert*"  "Intar- 
aedlata"  and  "labile"  according  to  the  extant  of  tha  temporal  fluctuations 
observed  in  various  circadian  paraswtars.  "Inert"  individuals  typically 
exhibit  circadian  rhythm  patterns  which  are  more  stationary  in  time  than 
"labile"  individuals.  According  to  Stepanova*  tlm  "labile"  individuals  would 
axparlenca  lass  difficulty  adjusting  to  tha  unusual  slaap-wakafulnaas  sched- 
ules common  in  spaceflight  conditions*  and  thus  would  make  batter  candidates 
for  space  misalons  than  would  "inert"  or  "intermediate"  individuals 

In  summary*  in  order  to  find  ways  of  preventing  or  correcting  the  effects 
of  dasynchronosis * it  is  necessary  to  know  the  physiological  nachanisms  that 
are  affected  and  to  quantitatively  determine  thair  rates  of  recovery  following 
a time  aona  change.  To  bast  accomplish  this  it  is  uacassary  not  only  to 
establish  tha  rates  of  change  brought  about  in  performance  and  physiological 
systems  during  actual  flight  experiments*  but  to  complement  these  observations 
with  ground-based  simulation  experiments.  A nathamatical  model  was  developed 
to  quantitatively  describe  dasynchronosis  and  was  applied  to  data  obtained 
from  ground-based  photoparlod  shift  studies  using  monkeys.****  The  rephasal 
chsracterlstics  of  tlM  body  temperature  rhythm  was  quantitated  following  a 
180*  reversal  of  the  light  cycle.  Estimated  time  for  rephasal  was:  37Z  in 
2.6  days*  501  in  S.6  days*  and  951  in  8. A days.  Similar  rates  of  internal  and 
external  resynchroniaation  have  been  obtained  from  human  ground  based  experi- 
ments involving  photoparlod  shift. 


E.  Effects  of  Phase-Shift  on  Health 

Transient  internal  dissociation*  which  occurs  as  a result  of  the  differ- 
ential rephasing  rates  of  the  various  dr 'tdiun  parameters  has  not  been  shown 
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to  produce  any  acute  effecta  on  health  to  date  In  hunane.'^*  However»  a short- 
ening of  life  span  due  to  a lifelong  repetition  of  phase-shifts  has  been 
described  In  both  blowflies^*^^  and  codling  noths^^**  and  also  In  slice  exposed 
to  weekly  shifts  beginning  at  1 year  of  age.^^*  Chronic  menstrual  cycle  dis- 
orders occur  with  striking  frequencies  In  stewardesses, and  there  is  evi- 
dence that  chronic  health  problems  result  from  long-term  shift-work  (this  will 
be  further  discussed  In  Section  IV,  Shift-Work) » The  extent  to  which  less 
frequently  experienced  shifts  could  affect  the  well-being  of  man  Is  still  an 
open  question.  The  mechanism  by  which  continued  phase-shifting  affects  the 
life  span  In  animals  is  unknown;  however,  there  are  Indications  of  possible 
compounding  effects  over  the  life  span  of  the  animal. 

Though  It  may  be  recommended  to  the  occasional  traveller  to  take  a sleep- 
ing aid  to  ensure  a good  night's  sleep  upon  arrival  to  a new  time  zone.  It 
should  not  be  encouraged  in  career  aviation  personnel.  One  survey  showed  that 
no  less  tlian  46Z  of  flight  crew  members  were,  to  a greater  or  lesser  extent, 
using  sleeping  drugs  on  long  flints,  while  only  13Z  ever  used  them  outside 
the  flying  environment.’^*’  Alcohol  Is  also  used  to  a significant  degree  by 
fU^t  personnel  to  aid  relaxation  and  sleep  onset  after  long  flights.’ 

Alcohol,  however.  Is  no  solution  to  the  problems  induced  by  phase-shifts.  It 
is  addictive;  It  has  an  adverse  aftereffect  on  performance  and  disrupts  nor- 
mal patterns  of  sleep.  Work  by  Graeber***  has  suggested  that  altering  the 
timing  of  certain  synchronizers  before  flight  departure  may  be  quite  success- 
ful in  hastening  rephasal  after  transmerldlan  flight.  Results  showed  that  the 
gradual,  anticipatory  phase-advancing  of  circadian  body  rhythms  prior  to  the 
abrupt  phase-shift  Induced  from  transmerldlan  flight  significantly  reduced  the 
sleep  disorders  and  subjective  fatigue  normally  experienced  on  the  first  two 
days  post-flight.  Through  a better  understanding  of  circadian  systems  In  man 
and  the  mechanisms  by  which  they  affect  physiological  and  psychological 
variables,  chronotheraples  could  be  devised  which  could  significantly  reduce 
the  adverse  effects  of  desynchronization  (see  Section  VI).  A responsible 
consideration  of  flight  safety  In  civil  aviation  must  Include  such  circadian 
phase-shift  effects.  Such  a consideration  would  result  In  a safer  work  place 
and  a higher  quality  of  aircrew  performance. 


F.  Interpretation  of  Phase-Shift  Data 

The  problem  of  evaluating  rephasal  duration  as  a function  of  direction  of 
transmerldlan  flight  or  phase-shift  has  been  limited  by  inconsistencies  In  the 
estimation  of  rephasal  duration.  Most  of  the  literature  utilizes  visual 
Inspection  of  data  or  unspecified  methods  of  determining  rephasal  duration 
values.  Due  to  the  unstable  nature  of  rephasal  transients,  reflected  in 
alterations  In  amplitude  and  waveform,  visual  estimates  of  rephasal  have  the 
potential  for  considerable  inaccuracy.  In  addition,  the  presence  of  incom- 
plete rephasal  or  latent  desynchronosls”  can  alter  readapted  rhythm  phares 
from  their  expected  values,  thereby  rendering  rephasal  estimates  subject  to 
errors  in  Interpretation.  The  model  proposed  by  Beljan  et  al.^”  has  shown 
that  human  performance  rhythmic  rephasal  patterns  follow  an  exponential  func- 
tion, with  asymptotes  approaching  expected  rephasal  phase  angles.  Klein 
et  al. ***  have  also  found  this  to  be  true.  Given  the  Inherent  variability  In 
phase-shift  data  and  Its  apparent  asymptotic  properties.  It  Is  evident  that 
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criteria  must  be  chosen  to  establish  rephasal  tines,  since  with  an  exMnentlal 
model  rephasal  Is  achieved  only  at  infinite  time.  Moore-Ede  et  al.^^'^  and 
Quay^'*^'*  have  approached  this  problem  using  simple  exponential  curve  aiodels  or 
models  based  on  the  Beta-distribution  function,  respectively,  which  are  fit  to 
rephasal  data  by  nonlinear  least  squares.  The  asysq>totlc  problem  is  avoided 
by  specifying  rephasal  in  terms  of  a percentage  (e.g. , 50Z  or  90Z).  However, 
the  nonlinear  least  squares  approach  stay  be  used  to  fit  any  set  of  rephasal 
data.  Including  data  which  siay  not  show  an  exponential  type  pattern.  The 
metl¥3d  developed  by  Beljan  et  al.^^^  is  more  appropriate  since  it  utilizes  the 
method  of  moments,  which  conserves  the  area  under  the  rephasal  curve.  It  has 
been  successfully  applied  to  human  performance  rhythms  following  transmeridian 
fllght^’^*  and  to  subhuman  primate  phase-shift  studies.^’"  With  the  method- 
of-mooient  technique,  if  the  rephasal  data  do  not  describe  an  exponential  the 
curve-fitting  process  does  not  work,  thus  avoiding  invalid  interpretations  of 
rephasal  dynamics. 

Aside  from  estimates  of  rephasal  duration,  the  analysis  of  circadian 
rhythm  rephasal  dynamics  is  very  difficult  since  one  is  dealing  with  a rela- 
tively short  time  series  where  nonstatlonary  amplitude,  phase,  and  period 
changes  are  occurring,  and  in  which  rhythmlclty  may  temporarily  disappear.  At 
present,  there  are  no  reliable  mathematical  methods  which  will  permit  the 
distinguishing  of  phase  and  period  changes  during  the  transient  rephasal 
period.  Malbecq  et  al.^^**^  suggest  for  conditions  in  which  phase  and  ampli- 
tude slowly  vary,  that  complex  demodulation  or  chronobiologlcal  serial  sec- 
tions would  be  appropriate.  In  more  unstable  rephasal  data,  they  advocate 
discrete  spectral  analysis  which  is  less  sensitive  to  correlated  noise  and 
rhythm  shape.  Other  techniques  which  are  more  appropriate  for  analysis  of 
desynchronlz  i rhythmic  data  Involve  piecemeal  analysis,  by  orogressive 
(moving  window)  techniques  or  by  summation  dial  analysis, in  which  rhythm 
parameters  are  calculated  on  single  cycles. 


G.  Selected  Bibliography  on  Phase-Shift 


4 

73 

126 

173 

206 

237 

277 

307 

353 

400 

435 

487 

518 

5 

79 

127 

174 

207 

238 

278 

309 

359 

401 

449 

488 

525 

9 

81 

128 

175 

209 

239 

279 

310 

363 

403 

450 

489 

528 

10 

83 

131 

177 

211 

240 

281 

313 

364 

406 

452 

490 

529 

11 

85 

136 

178 

212 

241 

284 

315 

366 

407 

453 

491 

530 

16 

89 

137 

179 

213 

247 

285 

316 

369 

410 

455 

495 

531 

19 

93 

138 

182 

214 

248 

286 

329 

370 

411 

456 

496 

532 

27 

97 

139 

183 

216 

249 

287 

332 

373 

412 

460 

502 

533 

30 

99 

140 

184 

217 

250 

289 

336 

374 

413 

461 

503 

537 

38 

104 

141 

186 

218 

254 

290 

338 

375 

419 

462 

504 

538 

46 

105 

143 

190 

223 

255 

296 

342 

376 

420 

468 

506 

539 

47 

106 

146 

192 

224 

256 

297 

343 

377 

424 

475 

507 

543 

54 

108 

148 

193 

227 

258 

298 

344 

378 

425 

476 

508 

544 

59 

119 

150 

194 

228 

259 

300 

346 

379 

428 

478 

509 

547 

60 

122 

151 

195 

229 

261 

302 

347 

380 

429 

479 

512 

548 

63 

123 

152 

200 

233 

262 

303 

350 

389 

431 

461 

513 

576 

66 

124 

155 

202 

235 

267 

305 

351 

395 

433 

482 

516 

578 

67 

125 

160 

204 

236 

272 

306 

352 

397 

434 

483 

517 

583 

24 


585 

687 

768 

874 

972 

1154 

1261 

1356 

1478 

1624 

1752 

1877 

587 

688 

769 

876 

973 

1159 

1262 

1357 

1479 

1625 

1754 

1878 

590 

689 

770 

877 

974 

1161 

1264 

1358 

1480 

1626 

1756 

1879 

592 

690 

774 

878 

975 

1163 

1265 

1370 

1481 

1628 

1757 

1881 

594 

691 

775 

881 

976 

1165 

1267 

1371 

1482 

1629 

1758 

1884 

598 

698 

778 

883 

981 

1171 

1268 

1372 

1483 

1635 

1759 

1895 

599 

701 

779 

887 

987 

1172 

1269 

1384 

1485 

1637 

1760 

1901 

600 

705 

780 

888 

988 

1175 

1270 

1391 

1486 

1638 

1762 

1903 

602 

706 

781 

889 

989 

1178 

1271 

1392 

1487 

1639 

1765 

1926 

603 

707 

782 

891 

990 

1179 

1272 

1393 

1488 

1643 

1766 

1941 

613 

709 

787 

892 

991 

1180 

1273 

1395 

1489 

1646 

1767 

1951 

614 

713 

788 

893 

998 

1181 

1274 

1396 

1495 

1647 

1768 

1952 

615 

717 

792 

894 

999 

1187 

1275 

1397 

1498 

1648 

1769 

1953 

616 

718 

793 

897 

1000 

1194 

1276 

1398 

1499 

1653 

1770 

1954 

617 

720 

794 

900 

1001 

1201 

1277 

1401 

1501 

1654 

1771 

1956 

618 

721 

801 

901 

1004 

1211 

1278 

1405 

1502 

1663 

1772 

1957 

619 

722 

802 

905 

1005 

1212 

1279 

1406 

1512 

1667 

1773 

1958 

620 

723 

805 

906 

1007 

1213 

1290 

1408 

1513 

1669 

1774 

1959 

621 

724 

806 

909 

1008 

1215 

1291 

1411 

1514 

1670 

1775 

1961 

624 

726 

807 

913 

1009 

1216 

1294 

1423 

1515a 

1673 

1776 

1962 

632 

727 

809 

916 

1012 

1217 

1296 

1425 

1524 

1674 

1777 

1963 

633 

728 

811 

923 

1013 

1218 

1301 

1426 

1525 

1677 

1778 

1964 

638 

729 

824 

924 

1014 

1219 

1304 

1427 

1527 

1678 

1787 

1965 

640 

730 

825 

925 

1017 

1220 

1305 

1428 

1529 

1679 

1788 

1968 

641 

731 

826 

929 

1018 

1221 

1308 

1433 

1534 

1680 

1789 

1972 

642 

732 

827 

930 

1020 

1222 

1311 

1434 

1535 

1682 

1792 

1981 

643 

734 

829 

932 

1022 

1223 

1312 

1435 

1536 

1683 

1793 

1983 

644 

735 

832 

933 

1023 

1224 

1316 

1436 

1541 

1684 

1794 

1985 

648 

736 

835 

935 

1024 

1225 

1321 

1437 

1547 

1686 

1795 

1989 

649 

737 

837 

940 

1025 

1226 

1323 

1440 

1548 

1688 

1796 

1990 

651 

738 

838 

941 

1026 

1227 

1324 

1441 

1549 

1698 

1806 

1991 

652 

739 

839 

943 

1027 

1228 

1325 

1442 

1555 

1702 

1809 

1992 

653 

740 

840 

945 

1028 

1229 

1326 

1443 

1556 

1705 

1812 

1993 

654 

741 

841 

946 

1029 

1230 

1327 

1444 

1557 

1709 

1813 

1995 

655 

742 

842 

948 

1030 

1231 

1328 

1445 

1565 

1718 

1814 

1997 

657 

743 

844 

949 

1033 

1232 

1329 

1446 

1568 

1721 

1815 

1999 

658 

744 

846 

950 

1036 

1233 

1330 

1447 

1571 

1722 

1816 

2000 

659 

745 

847 

951 

1037 

1235 

1331 

1449 

1572 

1723 

1817 

2001 

660 

746 

850 

957 

1039 

1239 

1339 

1452 

1573 

1725 

1818 

2005 

664 

747 

851 

958 

1043 

1240 

1340 

1453 

1575 

1726 

1819 

2015 

665 

748 

852 

959 

1045 

1243 

1341 

1460 

1576 

1727 

1821 

2017 

672 

752 

853 

960 

1048 

1244 

1342 

1461 

1579 

1729 

1822 

2018 

675 

753 

854 

962 

1051 

1246 

1346 

1463 

1589 

1730 

1836 

2019 

676 

755 

855 

963 

1067 

1247 

1347 

1464 

1591 

1732 

1850 

2020 

677 

756 

861 

964 

1095 

1248 

1348 

1469 

1601 

1733 

1856 

2022 

678 

757 

863 

965 

1096 

1250 

1349 

1471 

1603 

1734 

1861 

2025 

679 

759 

864 

966 

1097 

1252 

1350 

1472 

1607 

1736 

1862 

2030 

680 

760 

865 

967 

1116 

1254 

1351 

1473 

1610 

1737 

1863 

2036 

681 

763 

867 

968 

1132 

1255 

1352 

1474 

1611 

1740 

1866 

2037 

683 

765 

868 

969 

1133 

1258 

1353 

1475 

1620 

1747 

1868 

2038 

685 

766 

869 

970 

1145 

1259 

1354 

1476 

1621 

1748 

1871 

2057 

686 

767 

872 

971 

1149 

1260 

1355 

1477 

1622 

1749 

1872 

2062 

25 


2063 

2067 

2070 

2072  2075 

2077 

2082 

2064 

2069 

2071 

2073  2076 

2079 

2084 

IV. 

SHIFF-WORk 

A. 

Introduction 

The  purpose  of  this  section  Is  to  review  soae  of  the  major  factors  deal- 
ing with  shift-work  that  pertain  to  chronoblology  and  to  worker  health  and 
efficiency.  A large  volume  of  literature  exists  In  this  field  (approximately 
20Z  of  our  bibliography).  Extensive  research  in  this  area  has  been  performed 
by  both  chronoblologists  and  Industrial  psychologists.  The  shift-worker, 
particularly  the  rotating  shift-worker.  Is  an  excellent  subject  for  the  study 
of  long-  and  short-term  effects  of  circadian  phase  alteration.  Though  he/she 
may  not  be  exposed  to  the  same  envlrona«ntal  factors  as  aircrew  In  the  cockpit 
environment,  both  groups  of  people  experience  similar  circadian  desynchrony 
resulting  from  light-dark  cycle  phase  alteration  that  Is  experienced  by  trans- 
merldlan  travellers.  A major  difference,  however,  nay  be  conflicting 
Zeltgebers  (especially  social,  see  Section  IV. F below).  Nonetheless,  the 
studies  on  shift-workers  can  provide  tinderstanding  and  Insight  Into  the  Inves- 
tigation of  transmerldlan  desynchronosls  or  flight  crew  work-rest  scheduling 
conflicts. 

The  number  of  shift-workers  In  the  labor  force  Is  considerable  (approxi- 
mately 20-262)  in  both  Europe  and  the  United  States. '*’*'****^^**  The  basic 
reason  for  having  a shift  system  stems  from  the  need  to  staff  or  man  jobs 
around  the  clock.  Tasto  and  Colllgan^^*'  have  compiled  a rather  complete 
listing  of  Industries  in  the  United  States  that  rely  on  shift-work  scheduling. 
In  a later  report,  however,  they  Indicated  the  difficulty  In  obtaining  health 
records  from  these  Industries  for  research  purposes.  These  workers  Indicated 
that  management  is  concerned  about  possible  negative  returns  that  this  Infor- 
mation might  provide  In  impending  labor  negotiations.^^”  Though  some  people 
prefer  shift-work,  many  studies  indicate  that  a large  percentage  do  not  like 
this  arrangement.**’**^**'  This  may  be  borne  out  by  the  monetary  Incentives 
offered  to  those  that  work  the  less  desirable  night,  "swing,"  and  rotating 
shifts.  According  to  Tasto  and  Colllgan,'’**  "In  hours  of  work.  It  Is  noted 
that  collective  bargaining  agreements  generally  do  not  prohibit  night  work 
entirely,  but  often  require  the  payment  of  a wage  differential  as  compensation 
for  the  undesirable  features."  They  also  noted  that  for  the  labor  unions 
reporting  the  existence  of  shift-work  within  their  Industries,  602  reported 
that  shift-work  Is  not  at  all  voluntary. 

There  have  been  several  recent  reviews  coverlne  shift-work  and  Its  psy- 
chological and  physiological  consequences. '**'”*'**'****'  This  section  will 
focus  on  information  obtained  since  the  1972  report  of  Beljan  et  al.'”  and, 
in  particular,  the  more  recent  developments.  It  should  be  noted  that  the 
24  hour  work  day  Is  usually  divided  Into  three  shifts  of  8 hours  each,  the  day 
shift,  the  afternoon-evening  (**swing")  shift,  and  the  night  shift.  There  are, 
however,  four  general  classes  of  shift-workers  since  the  rotating  shift-worker 
alternates  from  shift  to  shift  on  a somewhat  regular  basis.  Several  other 
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shift  syatsBS  exist  end  ere  reviewed  by  Rutenfrsns  et  and  Tasto  and 

ColUgan.»’»‘ 

The  rotating  shlft'^orker  Is  of  particular  Interest  to  the  aviation 
Industry  since  many  of  the  air  traffic  control  centers»^^*‘  airports,  and 
flight  crews  «iork  rotating  shifts  or  duty  rosters  that  are  rotating  In  nature. 
A continual  problem  that  Investigators  face  when  evaluating  data  from  rotating 
shift-workers,  however.  Is  the  question  of  "self  selection."  l.e..  those  on 
rotating  shift  schedules  are  "survivors"  that  can  take  the  physiological  and 
social  disturbances  that  may  result.  According  to  Rutenfrans  et  al. 20X 
of  shift-workers  are  unable  to  continue  working  shifts  and  thus  drop  out 
(change  to  day  shift)  or  change  jobs. 


B.  Shift-work  and  Physiological  Rhythms 

The  concept  of  rhythsilclty  of  physiological  and  psychological  variables 
In  humans  and  animals  Is  currently  accepted  as  dogma  In  the  field  of  biology. 
The  preponderance  of  data  supports  a modification  of  Cannon's  original  defini- 
tion of  homeostasis  (the  maintenance  of  a constant  internal  environment)  to 
Include  rhythmic  changes  in  the  Internal  envirotunent  or  "the  maintenance  of  a 
dynamically  regulated  internal  environment."  Rhytlmticlty  must  be  included  as 
part  of  a definition  of  life.  That  living  systems  should  display  rhythmiclty 
In  function  Is  not  surprising  considering  that  higher  organisms  have  evolved 
over  3.5  billion  years  of  regularly  occurring,  cycling  geophysical  forces 
("Zeltgebers,"  tlme-glvers)  Including  light  and  darkness,  geomagnetism,  and 
radiation.  The  reviews  of  24  hour  (circadian)  biological  rhythms  are  numerous 
(see  Beljan  et  al.  and  Wever^’®’).  A number  of  reviews  dealing  with 
rhythms  In  relation  to  aviation  have  recently  appeared. **"»*^**®®^»^**®*^**® 

It  is  not  the  purpose  of  this  report  to  either  list  or  discuss  all  the 
rhythms  in  human  physiology  and  psychology.  Suffice  It  that  It  Is  the  excep- 
tion to  find  a physiological  or  psychological  parameter  that  when  sampled  %^th 
adequate  frequency,  does  not  show  periodicity.  This  is  the  basis  for  under- 
standing the  physiological  effects  of  shift-work.  Under  normal  day-night  and 
social  conditions  a person  sleeps  during  the  dark  phase  of  the  cycle  and  Is 
awake  during  the  light  phase.  His  bodily  rhythms  (both  physiological  and 
psychological)  are  stable  and  in  phase  (entrained)  with  the  external  environ- 
mental time-setters  (Zeltgebers).  They  are  also  entrained  and  In  phase  with 
one  another  (Internally  synchronized).  Under  these  conditions  the  human  body- 
odnd  system  functions  optimally  and  physiological  decrements  result  when 
deviations  from  normal  rhythmiclty  are  Induced  (unpublished  working  hypothesis 
Ulnget,  Holley.  DeRoshla,  Rosenblatt).  In  shift-workers,  especially  those  on 
rotating  shifts,  the  sleep-work  cycle  Is  often  desynchronized  from  the  exter- 
nal day-night  cycle  and  from  the  prevailing  social-interaction  cycle.  When 
the  body  rhvthms  begin  to  rephase  to  the  new  Zeltgebers  they  do  so  at  differ- 
ent rates. The  result  Is  that  many  rhythms  lose  their  phase  relationship 
with  one  another,  resulting  In  Internal  rhythmic  discord  or  Internal  desyn- 
chronization (see  Section  V of  this  report). 
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Humans  and  non-human  prliaates  show  the  greatest  susceptibility  to  Inter- 
nal desynchronization.^**’  Rats«  however,  are  apparently  resistant  to  this 
phenomenon.*** 

The  aviation  flight  crews  of  most  of  the  major  airlines  appear  to  be  much 
like  the  shift-worker  In  terms  of  their  chronic  exposure  to  phase  alterations. 
The  trip  schedule-bid  system  based  on  seniority  assures  that  many  of  the 
younger  crew  members  are  flying  less  desirable  schedules  (l.e.,  flying  night 
trips).  Two  schools  of  thought  have  polarized,  however.  One  contends  that 
due  to  rhythmic  Inertia  It  Is  desirable  to  work  rapidly  rotating  shift  sched- 
ules.^**^ The  other  holds  that  longer  periods  (greater  than  7 days)  on  a 
fixed  shift  Is  desirable  so  as  to  allow  re-entralnment  or  adaptation  to  the 
new  sleep-wake  schedule.***^ 

Studies  have  been  conducted  to  Identify  people  more  able  to  withstand 
shift-work  based  on  some  physiological  measure.  A recent  theory  supported  by 
Aschoff^^’  contends  that  the  amplitude  of  certain  physiological  rhythms,  l.e., 
body  core  temperature  can  give  an  Indication  of  a person's  ability  to  rephase 
or  adjust  to  a new  sleep-wake  schedule.  Relnberg  et  al. *********  subsequently 
have  provided  data  to  support  this  concept,  namely,  that  the  lower  the  ampli- 
tude of  various  rhythms  (l.e.,  core  temperature,  peak  expiratory  flow  and 
urinary  output  of  17-OHCS)  the  quicker  they  rephase  to  a new  Zeltgeber. 
Relnberg  et  al. *********  also  showed  that  a greater  amplitude  of  the  circadian 
oral  temperature  rhythm  Is  associated  with  a good  clinical  tolerance  to  shift- 
work In  steel  and  chemical  Industry  workers. 


C.  Effects  on  Health 

C.l  General  symptoms-  A major  difference  between  the  transsmrldlan 
traveller  and  the  rotating  shift-worker  Is  that  the  traveller  experiences 
acute  phase  alteration,  whereas  the  worker  experiences  repeated,  chronic  phase 
alterations.  Symptoms  reported  after  transmerldlan  travel,  however,  are  very 
similar  to  those  reported  by  shift-workers.*^’  These  Include  fatigue.  Insom- 
nia, anxiety,  and  other  sleep-wake  disturbances,  gastrointestinal  dysfunction 
and  psychosomatic  manifestations.  Tasto  et  al.,*'**  In  a study  of  approxi- 
mately 2000  rotating  shift  nurses  and  food  processors,  found  Increased  Inci- 
dences of  fatigue,  digestive  troubles,  colds,  chest  pains,  menstrual  problems, 
nervousness,  use  of  stimulants,  wheezing,  alcohol  consumption,  and  leg  and 
foot  cramps.  They  also  found  that  these  workers  had  comparatively  less  satis- 
factory psychological  health,  work  performance,  and  domestic  and  social  life. 
They  concluded  that  the  nuodier  of  sick  days  leave  taken  Is  not  a reliable 
Indicator  of  health  problems.  When  they  looked  at  the  reasons  that  nurses 
gave  for  taking  sick  leave,  they  found  that  those  on  rotating  shifts  tended  to 
cite  more  serious  medical  reasons  for  taking  sick  leave  than  did  those  on 
fixed  shifts.*** 

C.2  Disturbances  to  the  "normal"  diurnal  sleep-wake  cycle-  The  Associa- 
tion of  Sleep  Disorders  Centers  and  the  Association  for  the  Psychophyslologl- 
cal  Study  of  Sleep  have  recently  published  their  "Diagnostic  Classification  of 
Sleep  and  Arousal  Disorders."**  This  classification  lists  disorders  of  the 
sleep-wake  schedule  of  both  exogenous  and  endogenous  etiology.  This  report 
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stat«8  "In  the  event  that  eleep  and  awake  perloda  arc  reaoved  to  new*  taBporal 
locations  In  the  24  hour  cycle*  their  subterranean  physiological  affiliates 
tend  to  remain  fixed.  In  other  words,  one  may  elect  ~ as  in  rapid  tlasi  sons 
change  or  'work-shift*  change  -*  to  reposition  sleep*«ake  conduct,  but  one  does 
not  succeed  In  siovlng  pari  passu  the  whole  spectrum  of  related  processes. 

They  tenaciously  hold  to  their  former  temporal  position.  Though  the  Impetus 
for  resltuatlon  of  the  chronoblological  contexts  for  new  circadian  sleep-wake 
schedule  begins  Imaiedlately.  the  actual  realignment  takes  aeveral  weeks  or 
months  depending  on  the  physiological  parameter.  Not  only  teaqterature.  endo- 
crine. and  metabolic  processes  show  this  inertia;  so  do  central  nervous  system 
processes  related  to  alertness  and  sleepiness,  nasiely  the  preparatory  neuro- 
physiology for  the  sleep-wake  states.  Accordingly,  after  an  acute  sleep-wake 
cycle  shift,  waklig  Is  superimposed  on  brain  functions  "biased"  towards  sleep; 
conversely,  the  position  vacated  by  waking  behavior  and  now  replaced  by  sleep 
(or  an  attempt  at  sleep)  maintains  Its  physiological  orientation  to  the  awake 
state.  That  Is  why  sleep  is  not  generally  successful  at  a new  time  for  a 
considerable  period  following  a sleep-wake  schedule  change." 

This  report  classifies  disorders  of  the  sleep-wake  schedule  as  transient 
(rapid  time  zone  change  "jet  lag"  syndrome,  and  simple  "work-shift"  change  In 
conventional  sleep-wake  schedule)  and  persistent  (frequently  changing  sleep- 
wake  schedule).  Symptoms  of  the  time  zone  crossing  disorder  are  sleepiness, 
fatigue,  <md  their  mental  consequences  during  the  wake  period  and  insomnia 
during  the  sleep  period.  Symptoms  of  the  shift-work  disorder  are  similar  and 
include  sleepiness  and  performance  decrements  during  the  new  wotk-wake  period, 
and  sleep  (which  Is  now  schedulcKi  during  the  former  work-wake  period,  gener- 
ally In  the  daytime)  Is  disrupted  and  shortened.  The  frequently  changing 
sleep-wake  schedule  Is  experienced  by  rotating  shift-workers,  flight  crews,  and 
regular  air  travellers,  l.e.,  peripatetic  businessmen  and  International  nego- 
tiators. The  classification  states  that  frequently  changing  sleep-wake  causes 
a mixed  picture  of  chronic  DIMS  (disorders  of  initiating  and  maintaining  sleep) 
and  DOES  (disorders  of  excessive  somnolence)  distinguished  by  disrupted  and 
unusually  shortened  periods  of  sleep  (sosietlmes  occurring  several  times  per 
day),  sleepiness  and  performance  decrements  during  any  scheduled  wake  period, 
and  difficulty  In  reestablishing  a consolidated  sleep  period  even  when  circum- 
stances temporarily  permit  sleep  schedule  regularity.  It  Is  also  stated  that 
"among  the  somatic  complications  of  this  syndrome,  a tendency  for  peptic  ulcer 
disease  to  begin  within  a few  years  of  starting  [rotating]  shift-work  Is 
fairly  well  established." 

C.3  Emotional  and  behavioral  correlates-  Research  on  the  psychological 
aspects  of  shift-work  Is  not  extensive.  Workers  In  this  field  typically  focus 
on  job  attitudes  and  tend  to  conclude  that  attitudes  vary  as  a function  of 
numerous.  Interacting  variables,  e.g. , typ-;  of  work,  skill  level  required, 
type  of  Industry,  length  of  time  on  the  lob.  characteristics  of  worker's  com- 
munities, and  general  needs  and  demands. Seise  Investigators  recooMnd 
that  Individuals  who  are  subject  to  depression  and  emotional  problems  should 
be  considered  carefully  before  being  assigned  to  rotational  slilft-«K>rk.  since 
there  is  a possibility  that  this  type  of  shifting  may  place  too  great  a stress 
on  persons  who.  under  other  circumstances,  lalght  be  able  no  cope  with  their 
emotional  problems.  To  cite  an  extreise  example.  In  a study  lu  which  the  sub- 
jects were  phase-shifted  under  careful  experimental  conditions,  an  apparently 
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"normal"  subject  completed  the  experiment  and  not  long  thereafter  committed 
suicide. Examination  of  this  person's  rhythm  profiles  showed  that  his 
rhythms  did  not  rephase  completely  during  the  period  following  the  shift.  The 
authors  suggest  that  circadian  asynchrony  and  the  inability  to  respond  effec- 
tively to  a phase-shift  may  characterise  a presuicidal  state. 


Several  studies  have  indicated  that  internal  desynchronisation  may  produce 
abnormal  psychological  symptoms*  e.g. » increased  neuroticism. ^^^’*^^‘**^**" 
Tasto  et  al.^^’’  found  that  rotating  shift  nurses  were  significantly  more  con- 
fused* depressed  and  anxious  than  other  nurses.  Folkard  et  al.’*’  found  a 
steady  decrease  in  the  subjective  rating  of  'Vell-belng"  and  "alertness"  during 
night  shifts  from  2200  to  0600  hours.  The  same  response  was  noted  in  the 
full-  and  part-time  nurses  studied  by  them. 


C.4  Complications  of  predisposed  medical  conditions-  A number  of  physio- 
logical disorders  and  conditions  have  been  found  to  exhibit  circadian  varia- 
tions and  consequently  can  be  exacerbated  when  individuals  are  subjected  to 
rotational  work-shifting  at  too  rapid  a rate.  The  problem  areas  are  diabetes 
mellitus:  respiratory*  cardiovascular,  and  renal  disorders;  and  epilepsy  (see 
Winget^^^^).  It  has  also  been  noted  that  persons  with  thyrotoxicosis  or  a 
history  of  digestive  tract  disorders  should  avoid  shift-work. 


Further  problems  exist  in  relation  to  treatment  for  existing  acute  or 
chronic  medical  problems  with  drugs.  Regular  and  predictable  changes  in  bio- 
logic susceptibility  and  response  to  a large  variety  of  physical  as  well  as 
chemical  agents  (i.e.,  drugs)  can  now  be  viewed  as  a rather  common  phenomenon 
in  a normal  person. The  field  of  "chronopharmacology"  has  developed  sub- 
stantially in  the  past  decade.  Timing  of  drug  treatments  to  rotating  shift- 
workers*  however*  is  very  difficult  from  a chronopharmaco logic  point  of  view 
since  one  can  never  be  sure  of  a person's  state  of  rhythmic  adaptation  to  his 
current  schedule  or  liis  state  of  internal  rhythmic  synchronization. 


C.5  Chronic  shift-work  and  overall  health  and  longevity-  A major  unan- 
swered question  in  relation  to  shift-woi..,  particularly  rotating  shift-work* 
is  whether  continuous  shift-work  affects  longevity  or  general  health,  e.g., 
psychological  stability  or  resistance  to  disease  or  other  pathological  states. 
Uyndman,**^  on  theoretic  grounds  concludes  that  the  role  of  biological  rhythms 
is  the  maintenance  of  precise  homeostasis.  It  may  be  inferred  from  this  that 
should  rhythmic  stability  be  altered  on  a chronic  basis  then  optimal  function- 
ing of  a biological  system  may  not  be  possible.  Szafarczyk  et  al.  found 
that  rats  exposed  to  a weekly  8 hour  shift  in  the  light  cycle  for  9 weeks 
showed  a 20X  reduction  in  body  weight  when  compared  to  controls.  Heiberg 
et  al.^^^  were  able  to  manipulate  the  life  cycle  of  insects  depending  on  the 
shift  schedule  that  they  exposed  them  to  from  the  lavval  stage.  They  found 
that  in  some  cases  the  life  span  was  dt^creased  in  insects  reared  on  a schedule 
si^tlft  every  3 or  6 days,  whereas  insects  reared  on  a schedule  shift  every  4 or 
5 days  showed  an  increase  in  life-span.  The  authors  also  presented  data  show- 
ing a significant  6X  reduction  of  life-span  of  mice  reared  under  conditions  of 
weekly  inversion  of  the  light  cycle.  They  conclude  that  it  is  necessary  to 
integrate  work  on  human  and  experimental  animals  and  that  these  studies  indi- 
cate that  the  optimizatl'^n  of  human  work  sche'^ales  must  consider  chronobiology. 
Plttendrlgh  and  Minis^^''  exposed  groups  of  utoaophi la  to  four  environments*  a 
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nornal  24  hour  day*  a 21  hour  day.  a 27  hour  day*  or  conatant  light.  In  all 
exparinenta*  tha  fllaa  ralaad  undar  tha  noroMl  day  langth  axparlancad  signifi- 
cantly longar  lifa-apana.  Thay  concluded  chat  anlauil  aystams  perform  most 
effactlvaly  when  thay  are  entrained  by  light  cycles  close  to  Chair  natural 
circadian  frequency.  Another  study  which  emphasises  the  importance  of  light 
cycles  in  animal  physiology  is  that  by  Fuller  at  el. **^^  who  showed  that  optl- 
smI  temperature  regulation  in  monkeys  depended  on  Internal  rhythmic 
synchronisation. 

These  anlsial  studies  do  not  in  themselves  prove  that  rotating  shift-work 
(and/or  internal  desynchronisation  that  SMy  result)  is  harmful  in  humans.  It 
does  suggest*  however*  that  adverse  effects  may  result.  The  lack  of  long-term 
epidemiologic  studies  of  shift-workers  and  the  ever-present  question  of  self 
selection  in  that  population  UMkes  this  a very  difficult  question  to  answer 
experimentally . 

Cobb  and  Rose*’’  reported  a five-fold  increase  in  risk  of  blood  pressure 
elevation  in  air  traffic  controllers  (representing  a shift-worker  population) 
as  compared  to  second  class  airmen  (representing  workers  on  a "regular"  sched- 
ule). This  interpretation  may  be  biased  by  differential  work  loads  and 
responsibilities*  however.  Taylor  and  Pocock*^*’^  using  data  between  1956  and 
1968*  investigated  8603  manual  workers  from  10  factories  in  Great  Britain. 
Their  objective  was  to  assess  the  Influence*  if  any*  of  10  years  or  more  of 
shift-work  upon  the  expectation  of  life  and  cause  of  death.  The  conclusion 
that  they  arrived  at  was  that  shift-work  had  no  adverse  effect  upon  mortality. 
Taylor  et  al.^”^  also  could  not  find  evidence  that  any  of  the  shift  svstems 
that  they  studied  adversely  affected  health.  Akerstedt  and  Torsvall,*”  how- 
ever. using  a questionnaire  to  saaq>le  worker  attitude,  found  a substantia., 
improvement  in  mental*  physical*  and  social  well-being  when  night  work  was 
eliminated  from  a worker's  routine. 

Aschoff^^^  has  recently  reviewed  the  properties  of  circadian  rhythms  and 
their  relevance  for  the  design  of  shift-work  scheduling.  He  states  "The 
circadian  system  represents  a temporal  order  which  is  mediated  by  the  mutual 
coupling  of  a variety  of  oscillators  and  by  the  synchronizing  effects  of 
Zeitgebers.  It  is  likely  that  the  well-being  of  man  depends  partly  on  the 
maintenance  of  this  order*  and  the  repeated  or  long  lasting  disturbances  to  it 
will  have  harmful  effects."  Stenova  (cited  in  468)  holds  that  internal  syn- 
chronlcation  of  daily  (circadian)  rhythms  of  different  physiological  functions 
and  biochemical  paraaieters  constitutes  an  optimum  state  of  the  body  and  that 
many  disturbances  of  the  body  leading  to  disease  start  because  of  disruption 
of  timing  of  different  functions*  so-called  Internal  desynchronosis . 


D.  Effects  of  Shift-Work  on  Performance  and  Productivity 

The  circadian  rhythnicity  of  task  performance  has  been  well  documented 
(see  Section  II  and  refs.  177*  363).  Rutenfranz  and  Colquhoun^’”  have 
recently  reviewed  this  topic.  They  find  that  the  performance  rhythm  is  sig- 
nlflcai  tly  Influenced  by  such  factors  as  fatigue  and  meal- timing  and  that  the 
preponderance  of  evidence  suggests  that  tha  observed  fluctuations  reflect  an 
underlying  24  hour  rhythm  analogous  to  those  shown  by  certain  physiological 
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procesaas  which  say  ba  closaly  connactad  with  tha  cycla  of  "alaap  naad."  Thay 
alao  atata  that  aaaauraa  of  parforsaaca  takan  during  "night"  houra  ara  con- 
founded by  alaap  daprivation  or  alaap  Intarruption.  Mavarthalaaa • thalr 
raaulta  ara  of  conaidarabla  practical  intaraat  and  claarly  have  diract  appli- 
cation to  tha  problas  of  tha  ni^t  ahift*  on  which  afficiancy  ia  affactad  not 
only  by  daytiaM  alaap  duration  and  quality,  but  alao  by  tha  phaaa-ahifting  of 
tha  rhythna  that  occura  during  tha  pariod  of  adjuatsant  to  tha  altarad  raat- 
actlvity  cycla.  Rutanfrana  and  Colquhoun  alao  no tad  that  intarpretation  of 
parfomanca  rhythna  in  induatrial  aituationa  la  oftan  auMkad  by  aotivational 
and  aituational  factora,  auch  aa  tha  naaking  of  productivity  varlationa  by 
workara  out  of  faar  of  changaa  in  piacework  wagaa* 

Klain  and  Wagnann’^^  hava  alao  reviawad  thia  araa.  Thay,  too,  point  out 
the  problena  aaaociatad  with  field  atudiaa  auch  aa  work  output,  fraquancy  of 
fallurea  and  ntnbar  of  arrora.  Thaaa  paramatara,  in  principle,  follow  tha 
circadian  charactariatica  obaarvad  in  laboratory  raaaarch  on  human  performance 
afficiancy  with  beat  parfomanca  occurring  at  about  1600-2200  hour  and  p>3oraat 
parfomanca  ranging  from  0000-0700  hour  aa  ahown  in  tha  five  axamplaa  cited 
(aee  alao  ref.  2032). 

Folkard  and  Monk,’^^  in  their  review  cite  aix  publiahed  rtudiaa  that 
report  relatively  continuoua,  24  hour  raal-llfa  parfomanca  saaauraa.  Thay 
indicate  that  tha  paucity  of  data  on  thia  aubjact  may  ba  du«  to  union  or  man- 
agemant  oppoaition  and  problena  in  finding  appropriate  parfomanca  maaauraa. 

In  tha  atudiaa  noted,  the  major  impairment  of  performance  occura  during  the 
night  ahlft.  Thay  propoaad  a daacriptlon  modal  in  which  on-ahift  parfomanca 
la  dependant  on  the  type  of  tank,  type  of  ahift  ayatam,  and  type  of  paraon, 
with  the  three  factora  interacting  via  the  worker 'a  varioua  circadian  rhythma. 


E.  Shift-Work  and  Accidenta 

Thera  hac  been  relatively  little  recent  raaaarch  done  on  the  relationahlp 
of  ahift-work  to  accident  rataa.  Rutanfranz  at  al.,^’^^  in  a recent  review, 
atate  that  knowledge  in  thia  field  ia  conapicuoualy  abaant.  Some  atudiaa  on 
aafety  racorda  of  ahlft-workara  hava  correlated  time  of  day  with  dacramanta. 
Induatrial  accidenta  aaam  to  occur  with  the  neataat  frequency  between  2200 
and  0200  houra  (cited  in  raf.  2032).  Harria*’^  found  that  moat  truck  acci- 
denta occur  becauaa  of  driver  error,  and  many  likely  were  the  reault  of  fail- 
urea  in  vigilance  performance.  Fatigue  factora  Interacting  with  tha  circadian 
variation  of  arouaal  reportedly  %rere  reaponaible  for  tha  greater  number  of 
accidenta  occurring  between  laidnight  and  0800  houra. 


F.  Paycho-Social  Aapecta 

Rutanfranz  and  Knauth^”**  point  out  that  for  the  ahlft-workara  themaelvaa 
tha  moat  inportant  problama  ara  paycho-aocial  onaa,  a.g. , tha  extant  to  tihich 
ahift-work  interferea  with  family  and  aocial  life.  Even  if  a ahift  ayatem  ia 
planned  from  a purely  phyaiologlcal  point  of  view  thaae  ayateaa  might  not  ba 
acceptable  to  tha  workara.  Social  interaction  (i.a. , the  aocial  Zeltgebar) 
haa  been  ahown  to  be  one  of  the  atrungeat  rhjrthn  entrainera  in  humane. 
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Thus,  ths  shlft-worksr  (stpsclslly  ths  night  and  rotating  shift-workar)  nay  ba 
facad  with  conflicting  Zaitgsbars.  naaaly  tha  uork-rast  cyela  that  is  dictatad 
by  his  Job  schedule  and  the  social  cycle  dictated  by  accivitiaa  of  friends  or 
family  aenbers  in  his  life* 

A major  difference  betmeen  the  time  sone  air  traveller  and  the  shift- 
worker  is  that  tha  shift-worker  is  faced  with  conflicting  Zeitgabars  as  out- 
lined above.  The  air  traveller  on  the  other  hand  arrives  at  his  new  destina- 
tion where  the  prevailing  social  and  day-night  cycles  are  not  conflicting  but 
are  probably  relatively  similar  to  the  phase  relationships  at  their  home  domi- 
ciles. Aschoff^^^  discussed  sosm  quantitative  differences  in  the  rates  of 
rephasal  of  certain  physiological  and  psychological  variables  following  phase- 
shift.  He  noted  that  opposite  results  are  observed  in  terms  of  rates  of 
rephasal  of  circadian  rhythaui  following  a phase  advance  of  the  Zeitgeber  vs 
phase  delay  of  the  Zeitgeber  in  isolation  studies  when  compared  to  actual 
flight  studies.  He  Indicated  that  these  opposite,  asynamtrical  effects  found 
after  Zeitgeber  shifts  in  the  isolation  unit  vs  flights  across  time  sones  have 
to  be  taken  into  consideration  in  the  analysis  of  results  from  shift-work 
studies  as  well  as  in  the  design  of  shift-schedules. 

Drenth  et  sl.^^*  have  reviewed  some  of  the  psychosocial  aspects  of  shift- 
work. They  emphasise  the  unpopularity  of  shifts  work  and  also  warn  of  the 
natural  selection  process  that  conq>licatea  studies  on  this  subject.  The 
authors  identified  five  major  areas  of  concern  to  the  shift  worker.  These 
include:  1)  Social  factors;  for  the  Mst  part  his  social  life  is  restricted; 

2)  Home-life  factors;  he  sleeps  and  eats  at  "abnormal"  hours  and  this  presents 
a range  of  extra  problems  for  his  wife  and  the  family;  3)  Health  factors;  it 
is  important  to  recognise  that  health  is  an  overall  reaction  to  the  total 
situation.  The  authors  cite  studies  for  both  Isipalrment  and  lack  of  impair- 
ment of  health;  4)  Financial  factors;  this  nay  be  the  most  Important  reason 
that  a person  participates  in  shift-work;  and  5)  Organisational  factors; 
effects  of  shift-work  on  work  performance,  absenteeism,  accidents,  labor  turn- 
over. etc.  These  authors  state  that  the  evidence  is  not  good  enou^  to  detect 
differences  bet«reen  shift-  and  non-shift-workers  in  terms  of  qualitative  and 
quantitative  aspects  of  production.  The  authors  concluded  that  one  important 
feature  of  shift-work  is  the  influence,  predominantly  experienced  as  negative, 
of  the  shift  rhythm;  the  interrupted  sequence  of  the  evening  and  night,  and 
the  frequent  shift  change.  They  go  on  to  say  that  policy  concerning  shift- 
work has  been  based  on  a balanced  model.  On  one  side  are  thought  to  lie  the 
conveniences  and  disadvantages,  and  on  the  other  side  so  much  compensation 
(and  it  udually  occura  to  few  to  think  other  than  in  money  terms) . These  fac- 
tors are  adjusted  so  that  the  "scale"  becomes  approximately  balanced.  From  a 
psychological  ptint  of  view,  it  is  doubtful  whether  this  approach  is  correct. 
In  the  first  place,  money  has  a caawuf laging  function.  The  actual  objections 
are  not  considered,  and  the  sources  of  inconvenience  are  left  undisturbed. 
Moreover,  the  bonus  can  become  a wrong  motive  to  choose  shift-work.  The  bonus 
also  has  an  habituating  effect,  and  can  result  in  an  unrealistic  evaluation  of 
the  work  situation. 
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G*  Concluaiotts 


Th«r«  Is  s large  Wy  of  recant  literature  dealing  vlth  the  physiology 
end  psychology  of  shift-vork.  Interpretation  of  date  from  shift<-vork  studies 
is  conpliceted»  however*  by  the  problem  of  *'self-selection"  of  the  shift- 
working  population.  A large  percentage  of  workers  do  not  tolerate  ahift-work 
for  either  health*  psychological*  or  social  reasons.  A aajor  aotive  for 
workers  to  pick  these  schedules  is  the  Mnetery  bonus*  Many  studies  confim 
that  shift-work  may  have  negative  health  correlates.  This  again  is  clouded  by 
the  self-selection  aspect  and  the  poasibility  that  some  workers  can  adept  to 
shift-work.  A serious  deficiency  existe  in  the  literature  of  long-term  epi- 
demiologic studies  of  the  health  (physiological  and  aantal)  consequences  of 
prolonged*  continuous  shift-work.  Two  schools  of  thought  exist  for  the  sched- 
uling of  workers  based  on  an  tinders  tend  ina  of  psychoplqrsiology  and  rhythsm; 
one  advocates  rapidly  rotating  shifts,*^**'  the  other  longer  periods  on  fixed 
shifts.*®** 

A major  differeni:e  between  the  shift-worker  and  the  transmeridian  time 
xone  traveller  is  the  conflict  in  Zeitgebers  which  is  often  experienced  by 
the  shift-worker  (social  va  sleep-wake).  Some  experimental  studies  show  quan- 
titative differences  in  rhythmic  rephasel  characteristics  following  phase- 
shifts  of  shift-workers  vs  air  travellers.  It  is  estimated  that  20Z  of  the 
work  force  does  not  tolerate  shift-work.  It  is  unknown  how  many  fll^t  crew 
members  working  "rotation'*-like  schedules  do  not  tolerate  shift-work.  A sig- 
nificant question  is  whether  members  of  the  pilot  population  who  do  not 
readily  adjust  to  the  deleterious  affects  of  shift-work  (as  imposed  by  the 
trip-schedule  seniority  bid  system)  continue  to  work  under  these  constraints. 
Are  there  drop-outs  from  the  highly  prestigious  and  well  paid  flight  crew 
positions  due  to  the  negative  aspects  of  shift-working  or  do  these  people 
simply  attempt  to  cope?  It  is  noteworthy  that  airline  unions  are  beginning  to 
recog^ze  the  importance  of  circadian  timing  in  work  scheduling.  The  Air  Line 
Pilots  Association  has  recently  adopted  as  official  policy  a recommendation 
for  diurnal  duty  tism  restrlctic/O  in  maximum  hours  on  duty  for  flii^t  crews  in 
scheduled  air  transportation.  It  is  based  on  the  beginning  time  of  the  duty 
shift  — the  later  the  beginning  of  the  duty  period  the  less  the  maximum  hours 
on  duty.*^® 
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V.  INTERNAL  DESTNCHRONIZAXIOK 


A.  IntroductlQn 

According  to  Anchoff  Ch«  hunan  circadian  ayatan  la  charactarlzad  by: 

1)  Ita  parslatanca  under  a variety  of  condltlona  and  a certain  **rlgldlty" 
agalnat  nanlpulatlons;  2)  Ita  being  nade  up  of  many  aelf-auatalned  oaclllatlona 
which  are  uaually  coupled  to  each  other;  3)  Ita  capability  of  beconlng 
antralned  by  periodic  factora  in  the  envlronnant  (the  "Zeltgebera") ; and 

4)  differential  reactlona  of  the  varloua  oaclllatnra  to  phaae-ahlft.  The  dif- 
ferential reactlona  of  the  varloua  oaclllatora  to  phaae-ahlft  of  tha  Zaltgebera 
can  reault  In  altered  rhytbnlc  phaae  relatlonahlpa  of  one  paraaster  relative 
to  othera  thua  reaultlng  In  "deaynchronlaatlon."  Thla  ao-called  Internal 
deaynchronlzatlon  la  often  obaerved  following  Zeltgeber  phaae-ahlft  produced 
by  tranaaarldlan  flight.  An  underatandlng  of  the  aechanlana  and  relatlonahlpa 
Involved  la  neceaaary  In  order  to:  1)  fully  underatand  the  phyalologlcal  and 

paychologlcal  lapllcatlona  of  the  acute  and  chronic  deaynchronotlc  atate;  and 

2)  atteq^t  to  nanlpulate  the  circadian  ayatan  to  alleviate  undealrablc  aynp- 
tona  of  thla  atate  (Including  perforaance  decreaent). 


B*  Internal  Deaynchronlzatlon 

B. 1 Heal  Internal  deaynchronlzatlon-  "Real"  Internal  deaynchronlzatlon 
daacrlbea  the  ptqralologlcal  atata  In  which  different  rlqrtbnlc  physiological 
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variablM  o«cill«t«  with  different  periode  such  thet  the  pHeee*engle  differ- 
enceo,  thet  the  dlCferencee  In  rcletlve  tine  between  the  Peeke  (ecropheee) 
of  these,  verieblee,  conetently  chenge. '***^'*’^’**'**'*'*'^*^***  This  sutusl 
phese»stiift  between  different  rhjrthsui  ssist  be  endogenous » sutononous.  end  s«lf- 
sustsining  for  greeter  then  e full  phese-shlft  in  period  (360*).^**'^***  A 
strict  definition  of  intemel  desynchronlcstlon  is  is^osod  to  distinguish 
between  these  continuously  uncoupled  Intemel  rhyttsw»  end  those  which  uncouple 
during  the  trsnsition  of  the  entreined  steady  state  to  sosm  new  rhythnic  state 
following  a phaae-ahift  of  the  Zeltgeber.  This  transition  or  transient  state 
of  internal  desynchronisation  Is  called  internal  dissociation,  and  will  be 
discussed  in  more  detail  in  Section  V<.C.  1. 

Nearly  all  physiological  functions  undergo  regular  changes  from  day  to 
night.  These  diverse  rhythms  keep  distinct  phwse  relationships  to  each 
other^^^  representing  a hi^  degree  of  temporal  order^*^*  known  as  internal 
synchronization.  Unlike  exogenous  rhythms  which  are  a direct  response  to  a 
physical  change  in  the  environment,  endogenous  rhythms  persist  under  condi- 
tiens  lacking  enviroimental  time  cues.^^^  The  persistence  of  endogenous 
physiological  rhythms  is  not  a learned  conditioned  response*’^''  but  a function 
of  one  or  more  physiological  driving  siechanissm  referred  to  as  oscillators. 
Circadian  oscillators  under  natural  conditions  are  synchronized  or  entrained 
to  a period  length  of  24  hours  by  periodic  environmental  stimuli  or 
Zeltgebers. 

In  the  absence  of  environmental  time  cues,  internal  synchronization  is 
maintained  in  most  subjects.^***  Approximately  28Z  of  hunan  subjects^^^  and 
25Z  of  subhissan  prlmates^^^^  have  shown  real  internal  desynchronization  of 
physiological  or  behavioral  rhythms.  Some  rhythsde  physiological  variables 
reported  to  have  internally  desynchronized  includes  urinary  hydroxycortico* 
steroids,  urinary  electrolytes,  body  temperature . locomotor  activity,  rest* 
wake  activity  and  blood  pressure. In  experiments  such 
as  these,  where  real  internal  desynchronosis  is  induced  by  either  total  isola* 
tion'*®'^'***'®*'*'***  or  by  constant  light  exposure,  rhythms  nay  stay  locked 
in  phase  for  the  first  four  days  of  experimental  phase-shifts,  before  the 
physiological  rhythnic  variables  (e.g. , body  temperature  end  urfns  parameters) 
totally  uncouple. Thus,  the  manifestations  of  such  uncouplings  are  typi- 
cally delayed. 

Real  internal  desynchronosis  may  have  sijt^'Uficant  effects  on  a number  of 
physiological  regulatory  systems  inciting  neural,  hormonal,  metabolic,  cardio- 
vascular, and  respiratory  systems. Such  effects  may  produce  significant 
decrements  In  performance.®®^®  Thus,  the  mechanisms  and  Interactions  of  oscil- 
lators with  circadian  physiological  variables  require  further  elucidation. 

B.2  Apparent  Internal  desynchronization-  In  the  course  of  Investigations 
which  deal  with  internal  desynchronization,  some  investigators  observed  that 
under  isolated  conditions  lacking  environmental  tine  cues  (Zeltgebers),  the 
previously  entrained  circadian  rhythms  of  some  experimental  subjects  appeared 
to  desynchronize.  However,  under  closer  observation  it  was  noted  that  these 
rhythms  had  different  periods,  yet  maintained  a constant  phase  angle  to  one 
another.  ®*''*®*’'’*®**®  This  ptenomenon  is  referred  to  as  apparent  internal 
desynchronization.  In  these  experiments,  rectal  temperature  of  approximately 
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8X  of  the  subjects  had  a period  of  twice  or  half  the  value  of  the  activity 
period.  The  phase  angle  differences  between  these  two  rhythms  remained  in  a 
constant  integral  ratio  such  that  thev  were  internally  synchronized  with  each 
othett  but  in  a 2:1  mode  or  1:2  mode.^’’^  Although  apparent  internal  desyn- 
chronization has  not  been  indicated  outside  of  constsnt*  isolation  conditions 
in  the  laboratory,  these  stiidies  have  proven  useful  in  the  research  of  control 
mechanisms  underlying  desynchronosis. 

B.3  Electromagnetic  fields  and  internal  desvnchronosis-  Wever^’***»^**^» 

has  shown  that  body  rhytlms  can  be  Influenced  by  artificial  electric 
fields  that  approximate  the  frequency  of  the  earth's  natural  electron:agnetic 
field  (10  c'cles  per  second).  The  subjects  in  his  experiments  were  isolated 
from  all  ki’C  ' t environmental  time  cues  and  one  half  were  also  shielded  from 
99Z  of  the  natural  electromagnetic  field.  In  the  absence  of  time  cues  the 
physiologic  circadian  rhythms  started  to  free-run  but  remained  internally 
synchronized.  After  2 weeks  of  isolation,  real  internal  desynchronization 
between  the  activity-rest  cycle  and  core  body  temperature  rhythm  occurred  more 
often  in  subjects  shielded  from  natural  or  artificial  fields  (15  of  50)  than 
those  exposed  to  these  fields  (0  of  30).^^*^  Other  effects  included:  1)  a 

change  in  the  mean  period  length  of  the  circadian  system  to  a value  inter- 
mediate between  24  hours  and  the  free-runnlne  period;  and  2)  a reduced  varia- 
bility in  period  length  among  individuals.^’  " Though  natural  fields  are 
1000  times  less  Intense  than  the  artificially  applied  A.C.  fields  (2.5  V/m), 
they  appear  to  have  similar  synchronizing  effects  on  the  circadian  system. 

The  intensity  of  natural  fields  is  known  to  oscillate  with  a diurnal  pat- 
tern. A distinction  was  drawn  between  the  effects  of  an  oscillating 

field  (A.C.),  reported  above,  and  a non-oscillating  field  (D.C.)  which  exerts 
no  obvious  effects  on  circadian  rhythms. The  synchronizing  effect  is 
apparently  due  to  the  oscillating  characteristic  rather  than  the  electromag- 
netic nature  of  the  field. 

In  addition  to  Increasing  our  understanding  of  this  synchronizing  ten- 
dency, Wever  stated  that  further  research  into  the  effects  of  EMF  is  warranted 
because  of  its  possible  usefulness  as  a subtle  stimulus  (consciously  impercep- 
tible) to  test  the  sensitivity  of  the  circadian  systt-m.^’*^  Hawkins  also  con- 
cluded that  application  of  10  Ez  electric  fields  could  be  '^<sed  as  a method  to 
hasten  resynchronlzatlon  of  the  disrupted  chyclf^  relationships  encountered  in 
the  aviation  environment.^” 


C.  Transient  Statfes  cf  lotemal  Desynchronization 

w 1 Internal  dlssoc-l  at  ton-  Experimersts  devoid  of  envlronoantal  time  cues 

In  man  end  aiiiaiai&  have  sha^m  that  certain  rhythmic  physiologic  variables  cake 
longer  to  lesynchrcnize  after  a phase-shift  than  do  others. In 
this  situation,  th'  dcn>7ichrooy  is  a trsnsient  state  experienced  betveen  the 
shift  ir.  phase  and  interoal  resynchronlzatlon.  Desynchronous  rhythms  In  which 
the  dutual  pluise-shlft  la  not  greater  than  SOO"  are  said  to  be  internal 
rhythmic:  dlsso^ictioo  (cited  in  ref.  122).  Thus,  internal  dissociation  occurs 
at  the  beginning  of  each  situation  in  which  human  circadian  rhythms  free-run. 
Hus;sroua  circadian  physiological  variables  have  been  observed  to  internally 
dissiclatc.  These  include  body  temperature,  urine,  electrolytes  and  activity 
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rhythms  In  prloates^^^*’*^^’’  and  In  humans^’^^;  and  plasma  cortisol,  body  tem- 
perature and  sleep-wake  cycles  In  humans, to  name  a few.  These  studies 
have  generally  concluded  that  internal  rhythmic  dissociation  strongly  impli- 
cates a complex  multioscillator  model  for  internal  rhythmic  organization  of 
circadian  parameters. 

Internal  dissociation,  also  referred  to  as  "transient  internal  desynchro- 
nosls,"^^^'*  is  of  particular  importance  to  air  travel.  After  a five  hour 
flight  westward,  about  two  days  are  required  for  re-entrainment  of  the  sleep- 
wake  cycle,  five  days  for  body  temperature  rhythm  and  eight  days  or  more  for 
other  rhythms,  such  as  cortisol  secretion. Therefore,  during  the  period  of 
re-entralnment , the  individual  is  in  a state  of  transient  internal  desynchro- 
nosls.  This  Impairment  of  "well-being"  is  postulated  to  cause  performance 
decrements  in  man. *®^*®*® 

C.2  Internal  rhythmic  dissociation  and  conflicting  temporal  information- 
Varlous  environmental  stimuli  can  act  as  Zeiteebers  to  physiologic  rhythms. 

Such  stimuli  Include  feeding  frequency, ^^***^"®*  light,*’*  temperature,^^®  and 
various  social  cues.^®’*®®®  Although  light  has  been  indicated  as  a strong 
Zeitgeber  in  animals,®®®’  it  is  not  a strict  Zeltgeber  in  man®’®  and  subhuman 
primates.  Sulzman  et  al.  examined  the  entrainment  of  two  such  agents:  light- 

dark  (LD)  and  eat-fast  (EF)  cycles.  In  a series  of  experiments,  nonhuman 
primates  under  isolated  conditions  demonstrated  that  particular  Zeitgebers 
could  more  tightly  control  particular  circadian  rhythms.®’®®*®”®  For  example, 
eat-fast  cycles  produced  more  stable  drinking  and  urinary  rhythms  than  light- 
dark  cycles.  Light-dark  cycles  produced  more  stable  colonic  temperatures. 
Furthermore,  resynchronization  of  free-running  urine  end  drinking  circadian 
rhythms  occurred  more  rapidly  in  response  to  EF  Zeitgebers  than  the  resynchro- 
nization of  colonic  body  temperature.®”®  Thus,  the  precise  control  of  the 
timing  of  these  rhythms  by  their  respective  Zeitgebers  suggests  that  particular 
rhythmic  parameters  are  more  tightly  coupled  to  the  temporal  Information  of 
certain  specific  Zeitgebers  relative  to  other  Zeitgebers.  Altering  the  tem- 
poral Information  of  more  than  one  Zeltgeber  with  respect  to  one  another  pro- 
vides two  (or  more)  conflicting  Zeitgebers  concurrently.  The  conflicting 
phase  or  period  Information  which  results  can  cause  different  rhythmic  compo- 
nents of  the  circadian  timekeeping  system  to  dissociate  from  each  other. 

Sulzman  et  al.®’®®  revealed  in  subhuman  primates  that  when  EF  cycles  and  LD 
cycles  are  provided  in  either  conflicting  phase  or  period  relationship  to  one 
another,  those  physiologic  rhythmic  parameters  most  readily  entrained  by  them 
(i.e.,  urinary  potassium  excretion  and  rectal  body  temperature,  respectively), 
would  phase-shift  independently  of  one  another,  l^us,  two  previously  obsetrved 
coupled  oscillations  dissociated  from  one  another  as  a result  of  conflicting 
temporal  information. 

The  results  of  studies  in  this  area  provide  important  Information  on  the 
organization  of  the  circadian  timing  system  in  higher  animals.  In  order  for 
Zeitgebers  to  function  effectively,  periodic  environmental  cues  must  be 
detected,  transduced  and  the  temporal  information  distributed  throughout  the 
body.®”®  Physiological  coupling  among  the  various  tissues  in  the  body  which, 
in  turn,  produce  rhythmic  outputs  is  accomplished  through  neural  and  hormonal 
mediation.  ®’®'**  ®”**  In  the  aforementioned  study  by  Sulzman  et  al.®’®®  dispar- 
ity in  the  strength  of  coupling  of  individual  rhythms  to  the  Zeltgeber  was 
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manifested  as:  1)  transient  internal  desynchronosia  subsequent  to  a phase- 

shift;  and  2)  internal  desynchronosia  between  different  variables. 

Recent  studies  with  primates  have  investigated  the  phenomenon  that  cer- 
tain circadian  rhythms  resynchronize  more  quickly  than  others.  In  one  such 
study,  Sulzman  et  al.^^^^  found  that  transient  internal  desynchronization  (dis- 
sociation) occurred  after  a phase-shift  in  the  eat-fast  Zeitgeber  laq>osed  upon 
subhuman  primates.  However,  the  physiologic  rhythmic  variables  were  different 
than  those  typically  affect^  by  the  light-dark  cycle.  These  observations 
open  up  the  possibility  that  if  both  LD  and  EF  cycles  are  phase-shifted  simul- 
taneously, physiological  rhythms  could  be  resynchronized  more  rapidly  and  the 
tine  of  transient  internal  desynchronization  could  be  reduced.  These  implica- 
tions for  possibly  ndniailzing  the  symptoms  of  "Jet-lag"  are  encouraging,  but 
remain  to  be  fully  explored. 

C.3  Internal  dissociation  during  re-entrainment  by  partition-  If  two 
oscillating  physiological  variables  phase-shift  in  opposite  directions,  subse- 
quent to  a phase-advance  of  the  Zeitgeber,  they  are  said  to  re-entraln  by 
partition. Because  dissociation  of  rhythmic  variables  occur  during  the 
course  of  this  type  of  Zeitgeber  phase-shift,  it  may  be  of  particular  rele- 
vance to  the  physiological  effects  of  transmeridian  flight. 

Usually  after  a 6 hour  phase-shift  of  the  ID  Zeitgeber,  or  after  a flight 
across  six  time  zones,  all  rhythmic  functions  are  shifted  into  the  sasie  direc- 
tion. However,  this  is  not  always  the  case.  After  e.  6 hour  advance-shift 
of  light  (phase-advance),  one  out  of  seven  subjects  (in  isolation  studies) 
delayed  his  rhythm  of  rectal  temperature  18  hours  while  the  activity  rhythm 
advanced  by  6 hours. In  flight  experiments,  such  a partition  between  the 
activity  rhythm  and  the  rhythm  of  body  temperature  has  also  been  observed 
after  an  eastbound  (phase-advance)  flight  across  nine  time  zones. In  this 
flight  study,  50%  of  the  siibjects  were  re-entrained  by  partition. 

Another  example  of  re-entralnment  by  partition  is  a report  of  a 12  hour  shift 
of  sleep-time  in  a hospital  in  whi.ch  analysis  of  urine  constituents  of  one  sub- 
ject indicated  an  advance-shift  for  the  rh^hm  of  potassium  excretion,  and  a 
delay  shift  for  17-hydroxycorticosteroids.*^* 

Although  studies  have  demonstrated  partition  phenomena  in  the  advance- 
shifts  of  the  Zeitgeber,  after  eastb.  ind  flights,  and  after  a 12  hour  shift  of 
sleeptime,  no  oartltion  has  been  found  after  delay  shlfts^^^’  or  after  west- 
bound flights. It  is  further  noteworthy  that  the  transition  state  of 
re-entralnment  partition  lasts  for  up  to  a week  in  time,^^^’  atd  its  probabil- 
ity of  occurrence  may  Increase  with  the  extent  of  the  Zeitgeber  shift,  or  with 
the  number  of  time  zones  crossed. Such  findings  are  also  in  agreement  with 
other  similar  studies. Further,  transitory  temporal  disorders  that  charac- 
terize re-entralnment,  such  as  in  the  partition  effects  cited,  probably  con- 
tribute to  the  loss  in  performance  during  post  flight  days  in  man,^^^  and  may 
have  Immediate  effects  on  health. 

C.4  Special  forms  of  internal  dissociation-  This  category  includes  two 
transient  states  of  internal  desynchronization  which  give  insight  into  the 
mechanisms  underlying  internal  desynchronosia,  but  which  have  limited  practi- 
cal application  to  performance.  These  limitations  c:isue  from  the  strict 
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environmental  conditions  under  which  these  rhythm  forms  are  elicited  (l.e. « 
constant  light). 


Splitting.  An  unusual  pattern  of  circadian  rhythodclty  has  been  Identi- 
fied In  which  a single  dally  activity  band*  that  Is*  the  dally  active  portion 
of  a circadian  activity  rhythm,  dissociated  Into  two  components.  These  two 
coBiponents*  which  appear  as  a blmodal  activity  rhythm*  free-run  at  different 
frequencies.^**^  Such  a pattern  Is  known  as  splitting. This  separation  of 
a single  circadian  oscillating  parameter  occurs  spontaneously*  and  generally 
does  not  separate  by  more  than  180*  In  phase.  **^^  In  addition  to  the  appear- 
ance of  this  form  of  Internal  dissociation*  splitting  has  been  reported  to 
“re-fuse"  or  Inteimally  re-entraln  spontaneously  or  as  a result  of  a reduction 
In  light  Intensity.^****’  Rhythm  splitting  has  been  documented  In  the  activity 
rhythms  of  humans*^®®®  rodents *®**’*^^**®  blrds*^®*  and  tree  shrews.®*^*  It  has 
also  been  demonstrated  In  primates  that  splitting  occurs  In  temperature 
rhythms  as  well  as  activity  rhythms.®^®  Because  splitting  only  occurs  In  some 
subjects  or  animals  which  are  malutsined  In  constant  light  for  considerable 
duration  (20-60  days)  the  relevau.:a  of  splitting  to  performance  Is  limited  to 
further  understanding  of  the  underlying  oscillating  mechanisms. 


Forced  Internal  Desynchronization.  Each  circadian  physiologic  variable 
has  a period  range  In  which  a Zeltgeber  can  entrain  It  (range  of  entrainment) 
(cited  in  refs.  128*  139).  The  actual  dimensions  of  this  range  relative  to 
time  differ  from  one  oscillating  physiological  variable  to  the  next.  Evidence 
suggests  that  physiological  variables  such  as  body  tesiperature  and  activity 
have  narrow  and  wide  ranges  of  entrainment*  respectively.^®®^  When  an  environ- 
mental Zeltgeber  such  as  light  occurred  within  the  activity  rhythm  range  of 
entrainment*  but  not  the  temperature  rhythm  range  of  entrainment*  activity 
became  entrained  to  the  period  of  the  Zeltgeber.  and  temperature  free-ran. ^®®^ 
Thus,  through  these  manipulations  of  the  Zeltgeber*  the  subject  experienced 
“forced  Internal  desynchronization."  Noting  that  some  Individuals  have  an 
especially  strong  tendency  toward  Internal  desynchronization*  Never ^®®^  sug- 
gested that  the  range  of  entrainment  of  various  physiological  rhytlsnlc  param- 
eters may  be  variable  from  individual  to  Individual*  th\is  accounting  for  the 
different  tendencies  toward  Internal  desynchronosls. 


D.  Internal  Desynchronization  and  Sleep  Disturbances 


Sleep  disorders  are  some  of  the  most  commonly  reported  complaints  of  air- 
crew and  air  travellers  following  transmerldlanal  flights. '**»®"**^®®’^®®’^***** 
^®®®  The  effects  of  sleep  changes  on  performance  are  documented  In  other  sec- 
tions of  this  report.  The  concern  of  this  section  Is  to  define  how  temporal 
disorganization  of  the  circadian  system  contributes  to  sleep  disturbances  and 
the  subsequent  physiological  effects  on  generalized  performance  parameters. 


Many  investigators  regard  Internal  desynchronization  of  circadian  rhythms 


as  the  source  of  siany  of  the  sleep  disturbances  experienced  by  endogenous 
depressive  patlents®*^*^®®®*^**®***^®**®  and  normal  Insomniacs^®®* *^®*^*^®®®  as 
well  as  aircrew^®®*®^***’^**®*'*'*®*^**^^  (see  also  Section  IV.C.2). 
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D.  I S^clflc  sleep  problems-  Connonly  cit«d  sleep  probleas  Include  eerly 
awakening,^** sleep  stage  displaceaent  within  the  sleep  cycle 
(e.g. » REM  sleep  occurs  early),'*'**^**®***^****  short  sleep^wake  cycle  (less 
than  24  hours)  ,'**'*•  and  long  sleep  latency.  ^®*»*^®»***''»'**’  These  prob- 
lems can  be  experimentally  Induced  In  normal  subjects  by  sleep  reversal.^ 

Other  effects  of  change  In  Internal  phase  relationships  between  circadian 
rhythms  are  emotional  and  psychosomatic  disturbances*^®^®  a^  depression* 
hostility,  or  suicide.®*®® 

D.2  Approaches  to  reordering  temporal  relationships  of  circadian  rhythms- 
Many  common  sleep  disturbances  may  be  caused  by  disorder  of  the  circadian  sys- 
tem. ®*  There  Have  been  several  approaches  taken  by  Investigators  to  change 
the  phase  relationships  between  physiologic  circadian  rhythms  and  the  sleep- 
wake  cycle.  Most  operate  from  the  hypothesis  that  the  existing  temporal  rela- 
tions are  in  a desynchronized  state,  thus  causing  the  \mdeslrable  sleep  symp- 
toms. If  this  Is  true,  then  attempts  to  realign  these  physiologic  circadian 
rhythms  In  synchrony  with  one  another  (l.e.,  eliminate  the  Internal  desynchro- 
nization) should  allevlace  the  sleep  disorders.  Techniques  used  range  from 
the  use  of  drugs  (lithium,  tricyclic  antidepressants),  sleep  deprivation,  and 
rescheduling  of  sleeping  times  (see  also  Section  VI,  Chronotherapy). 

A characteristic  of  some  manic-depressive  patients  Is  a rapid  cycling 
between  the  two  behavioral  states.  The  period  of  this  cycling  Is  similar  to  a 
free-running  circadian  rhythm  that  nms  slightly  faster  than  24  hours.®**® 

Krlpke  has  had  some  success  using  lithium  for  slowing  or  delaying  these 
rhythms,®®**  perhaps  enough  to  resynchronize  them  to  a 24  hour  period.  Wehr 
found  lithium  carbonate  to  have  no  beneficial  effect.®*®®  However,  a tricyclic 
antidepressant  (desmethyllmlpramlne)  promoted  a switch  out  of  depression  by  a 
temporary  advance  of  morning  awakening.  Wehr  postulated  that  the  same  mecha- 
nism of  altering  the  timing  of  circadian  rhythms  relative  to  the  sleep-wake 
cycle  operates  for  both  experimentally  designed  schedule  shifts  and  effects  of 
tricyclics.®*®® 

In  response  to  sleep  deprivation,  depressive  patients  differ  from  normal 
subjects.  There  Is  a transient  (2  day)  antidepressant  effect  on  1/3  to  2/3  of 
depresslves  and  an  Inactivated,  dysphoric  response  In  normals.*®®  Again,  the 
hypothesized  mechanism  of  action  is  that  sleep  deprivation  resynchronizes 
disorganized  circadian  rhythms.®®*®  Post  attributed  the  transitory  activation 
to  the  nonspecific  stress  effect  of  sleep  deprivation®®**  which  may  Influence 
some  parameters  of  a circadian  rhythm  (phase-shift,  amplitude  or  frequency 
change)  and  lead  to  Internal  resynchronlzatlon  and  normalization  of  the  sleep- 
wake  cycle.®®®®*®®*®  Taub  cautioned  that  the  detrimental  effects  seen  in  sleep 
deprivation  or  lengthening  may  be  due  to  disruption  of  the  established  circa- 
dian pattern  of  sleep-wakefulness,  since  It  necessarily  Involves  a change  in 
the  timing  of  either  sleep  onset  or  awakening.®*®* 

There  are  many  instances  of  direct  temporal  relocation  of  the  sleep-wake 
period.®®**®®*®*®*®®  Czelsler,  1979  and  Weltzman,  1979,  1980  have  success- 
fully treated  Insomnia  by  "resetting  a biological  clock".®®**®**®*®***  A 
series  of  phase  delays  of  sleep  onset,  by  3 hours  each  of  5 days,  essentially 
rotated  sleep  onset  time.  This  method  of  phase  delay  nay  be  more  successful 
than  phase  advancement  due  to  different  upper  and  lower  limits  on  the  range  of 


41 


entrainment,  k 27  hour  day  created  by  phaae  delay  aeema  to  be  tolerated  more 
eaaily  than  a 21  hour  day  resulting  from  phase-advancing.  Wehr  has  reported 
some  problems  associated  with  changing  circadian  phase  relations. Phase- 
advancing  the  sleep  period  of  a depressive  patient  with  respect  to  the  remain- 
ing circadian  rhythms  induced  clinical  remission  from  depression » hypothesised 
to  be  due  to  the  sudden  change  in  internal  temporal  order  between  the  two  sets 
of  rhythms.  However » subsequent  entrainment  of  all  rhythms  to  the  new  sched- 
ule caused  the  original  pathologic  phase  relation  to  be  re-established, 
explaining  the  relapse  into  depression  that  accompanied  synchronisation. 

Another  phenomenon  also  discussed  by  Wehr  was  an  Instance  where  the  attempt  to 
phase-advance  the  sleep  period  failed  to  advance  the  core  temperature  period, 
which  phase  delayed.  Simultaneous  movement  of  the  two  rhythms  in  opposite 
directions  (re-entrainment  by  partition)  cancelled  the  desired  phase  change  and 
produced  no  change  in  depression  levels. 

Many  researchers  dealing  with  the  effects  of  Internal  desynchronisation 
on  sleep  disorders  have  demonstrated  that  most  disturbances,  especially  a shift 
in  phase  of  the  sleep  period  resulted  in  a poorer  response  to  vigilance  tasks 
requiring  accuracy  and  speed, calculation  tests,  and  retention  time.^*^^ 


E.  Conclusions 

The  human  body  is  composed  of  numerous  delicately  balanced  physiological 
circadian  variables.  These  variables  have  adapted  to  the  temporal  external 
environment  such  that  they  perform  optimally.  If  this  temporal  environment  is 
changed,  the  body  attempts  to  adapt.  Because  various  physiological  parameters 
adapt,  or  re-entrain,  at  different  rates,  these  endogenous  physiological 
rhythms  become  internally  desynchronized  from  one  another.  Internal  desyn- 
chronosls  is  characterized  by  a number  of  physiological  and  performance  decre- 
ments as  previously  described.  These  decrements  show  inter-individual  varia- 
bility, thus  not  all  persons  exhibit  the  same  magnitude  of  performance 
decrement.  The  conclusion  of  many  investigations  into  the  source  of  common 
sleep  disturbances  points  to  change  in  the  temnoral  order  of  physiologic  cir- 
cadian rhythms  as  a major  factor. ^**^’^*® *^*'**’''’^* •^*'^*  An  activity  known  to 
Induce  such  changes  is  transmerldlan  flight. ^** *’^***^^'**»'*** 
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VI.  CHRONOTHERAPY 


A.  Introduction 

Chronotherapy  is  a tr<  atment  administered  according  to  temporal  factors • 
notably  rhythms.  These  rhythms  have  three  main  properties:  phase*  ampli- 

tude. and  period  length.  The  phase  relationships  between  entrained  circadian 
rhythms  of  animals  and  their  entraining  periodic  signals  (Zeltgebers)  are 
determined  by  nropertles  of  the  organism's  circadian  system  and  by  those  of 
the  Zeltgeber.^’^ **’**’’’  If  the  Zeltgeber  Is  suddenly  shifted  in  Its  phase 
relationship  to  that  of  the  organism's  circadian  rhythm*  then  the  direction  of 
time  of  re-entrainment  of  the  rhythms  have  been  suggested  to  depend  on  the 
"strength"  of  the  entraining  slgxuil*  the  phase-angle  (circadian  time)  at  which 
the  shifted  signal  occurs  with  respect  to  the  organism's  endogenous  rhythms, 
and  the  Intrinsic  characteristics  of  the  organism's  circadian  period. * 
Evidence  in  humans  shows  that  rhythms  readjust  to  altered  environments 
at  different  rates. This  explains  why  internal  desynchronization  occurs. 
The  state  of  desynchronosls  has  been  exhibited  by  individuals  who  cross  several 
tlnui  zones  In  a single  flight.**’  The  symptoms  of  the  desynchronotlc  state 
vary  from  Individual  to  Individual.  These  symptoms  In  decreasing  order  of 
frequency*  as  reported  In  the  literature*  Include:  fatigue*  Insommla  and 

sleep  disturbances*  chronic  gastrointestinal  complaints  and  anorexia*  and 
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psychological  abnormalities  and  nervousness  parameters  which  may  be  associated 
with  the  circadian  performance  curve.  Other  symptoms  which  have  been  reported 
by  aircrews  Include:  headaches,  ocular  malfocus,  dvspnea,  diaphoresis,  occa- 

sional nightmares, and  menstrual  abnormalities. Many  of  these 
symptoms  can  be  ameliorated  or  prevented  by  a temporal  manipulation  of  Zeltge- 
bers,  chronotherapy,  and  relaxation  techniques. 


t 

}' 
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B.  Zeltgebers 

B. 1 Social-  The  strength  of  the  entraining  signal  has  been  susaested  to 
be  very  Important  to  re-entralnment  of  the  human  circadian  system.  Social 
signals  have  been  shown  to  provide  powerful  Zeltgebers. '**^***'"*^®***^**®  In 
fact,  they  appear  to  play  the  most  Important  role  in  re-entralnment  of  human 
circadian  rhythms. 

After  a transmerldlan  flight,  the  human  system  becomes  desynchronized  and 
prevailing  Zeltgebers  work  to  re-entraln  the  circadian  system.  Re-entralnment 
rates  after  a flight  mav  depend  on  the  Individual's  activities  In  relation  to 
the  social  environment.^’^  The  social  entrainment  of  human  circadian  rhythms 
has  been  emphasized  by  Aschoff  and  Kleln’”^*’”  who  demonstrated  that,  when 
allowed  to  perform  an  Intermittent  outdoor  activity  at  the  destination,  travel- 
lers took  less  time  for  adaptation  of  psychomotor  performance  rhythm  than  those 
who  remained  In  relatively  Isolated  experimental  facilities. 

Under  most  conditions,  social  effects  do  not  function  as  strong  Zeltgebers 
In  animals.  However,  given  proper  conditions,  there  are  precedents  for  social 
interaction  as  a Zeitgeber  In  small  mammals.  Social  effects  on  phase-shift 
and  phase  control  were  observed  In  deer  mice  (Peromyscus  manlculatus) , and 
In  nondominant  rats.^’^’  Blind  mice  housed  with  sighted  mice  may  be  entrained 
to  light-dark  cycles  (after  several  months),  presumably  by  social  cues.  Social 
effects  have  also  been  observed  In  the  amphlpod  (Talltrus  saltator)  on  the 
free- running  period. When  the  drinking  and  activity  cycles  of  unrestrained 
squirrel  monkeys  were  examined  In  the  absence  of  other  cues,  social  Interaction 
and  Isolation  proved  to  be  Ineffective  Zeltgebers.  Equally  Ineffective  as 
Zeltgebers  were  cycles  of  water  availability  and  deprivation,  warm  and  cool 
temperature,  sound,  and  quiet.  Rohles  and  Osbaldlstron,^’”  however,  have 
shown  social  entrainment  In  Rhesus  monkeys.  The  major  Zeltgebers  of  drinking 
and  activity  cycles  In  the  sq*ilrrel  monkey  have  been  cycles  of  light  and  dark, 
and  cycles  of  food  availability. 

B.2  Sleep  and  light -dark  cycles-  Of  the  many  physical  complaints  of  the 
desynchronosls  syndrome.  Insomnia  and  sleep  disturbances,  as  well  as  an  overall 
drop  In  RQl  sleep  time,’”  are  the  most  prevalent  for  several  nights  after 
arrival  In  a new  time  zone. These  changes  In  sleep  elicited  by  trans- 
merldlan flights  have  chiefly  been  attributed  to  time  zone  changes.’"’  The 
difficulty  Is  not  In  failing  asleep  but  rather  In  preventing  waking  in  the 
early  morning  hours. Desynchronosls  does  not  occur  after  long  north-south 
flights.  Therefore,  the  syndrome  Is  not  totally  due  to  fatigue,  lack  of  sleep 
or  other  noaspeclflc  factors  In  the  aviation  environment  but  rather  Is  largely 
chronophyslologlcal  In  origin.”” 
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To  ameliorate  the  time  tone  effects  on  sleep,  the  traveller  should  be  as 
rested  as  possible  before  departing  on  a long  eaat^rest  or  west-eaat  trlp.^*^ 

In  fact,  if  possible,  preadaptation  to  the  new  day-night  sleep-waka  pattern  of 
the  destlnaclon  several  days  before  departure  is  desirable*  In  travelling 
east,  this  would  be  accomplished  by  going  to  bed  one  hour  earlier  each  evening 
progressively,  and  awakening  one  tiour  earlier  each  morning  until  the  sleeping 
schedule  Is  moved  forward  to  coincide  with  the  new  local  time  of  the  destina- 
tion. For  a westbound  trip,  the  schedule  %rould  be  reversed,  retiring  one  hour 
later  and  arising  one  hour  later  each  day. 

Airline  pilots  face  difficulties  in  following  such  a rigorous  schedule  of 
preadaptation  to  time  zone  changes.  They  are  not  often  allotted  time  to  rear- 
range their  sleeping  schedules  in  such  a manner.  Cabin  crews  also  frequently 
suffer  loss  of  sleep. Sleep  loss  results  in  a reduction  in  skill, an 
increase  in  reaction  time,  an  upset  in  balanced  judgment,  and  an  impalxaent  of 
complex  decision  making. ^^^*’** 

There  are  several  suggested  ways  to  modify  the  effects  of  sleep  loss  on 
airline  pilots.  The  first  major  remedy  for  improving  sleep  is  to  improve  the 
opportunity  for  regular  sleep  at  periodic  intervals.  Since  the  problem  lies 
primarily  in  the  irregular  working  and  resting  schedules  of  crew  meadiers, 
careful  study  and  improvetaent  of  crew  scheduling  is  indicated  to  minimize  the 
effects  of  sleep  deprivation  and  disturbance  and  the  resultant  fatigue  and 
loss  of  performance. ^^***°’  Pilots  should  also  understand  the  problems  of 
flying  successive  tours  involving  multiple  time  zone  changes  and  night  flights 
where  sleep  deprivation  may  result.  Instead  of  bidding  in  a money-oriented 
fashion,  pilots  should  bid  within  their  normal  capabilities  from  a work-rest 
point  of  view,  and  consider  the  long  term  effect  on  health  and  performance. 
Secondly,  the  problem  of  body  rhythm  desynchronization  can  be  greatly  relieved 
by  stationing  at  overseas  bases.  Companies  (cost)  and  staff  unions  (social 
disruption)  often  strongly  object  to  such  arrangements.  Yet  this  must  be 
recognized  as  one  of  the  laost  effective  ways  of  reducing  body-rhythm  desyn- 
chronization. Thirdly,  it  is  recommended  that  adequate  sound-proofed,  air 
conditioned  and  darkened  sleeping  accommodations  be  provided  for  aircrew  at 
all  slip  stations. Finally,  the  opportunity  to  sleep  siay  not  provide  a 
total  cure  for  "lack  of  sleep"  (see  Section  IV. D. 2.  Disturbances  to  the 
"Normal"  Sleep-Wake  Cycle). 

Animal  experiments  have  shown  that  rats  experiencing  desynchrony  eichlblt 
disordered  sleep  patterns.  Haglno^*’^  stated  that  female  rats  subjected  to  the 
light  and  dark  schedule  12L:12D  from  birth  through  puberty  exhibited  a cir- 
cadian rhythm  of  sleep,  and  paradoxical  sleep;  with  peaks  of  sleep  during  the 
light  phase.  When  these  rats  were  transferred  from  LO  to  continuous  illumina- 
tion, the  circadian  rhythm  of  sleep  was  annihilated  and  indeed  "all  rhythms 
disappeared."  It  seems  likely  that  light  serves  as  a synchronizer  or  oscil- 
lator for  regulation  of  circadian  rhythm  of  sleep,  wakefulness  and  paradoxical 
sleep  in  the  rat.^°^  The  importance  of  animal  work  in  this  area  of  desynchrony 
and  sleep  disturbance  is  that  dysrhythmia  can  be  easily  induced  in  animals  in 
the  laboratory  in  a controlled  environment. 

For  small  mammals  under  natural  conditions  in  the  arctic,  even  during 
the  summer  when  the  amplitude  of  the  entraining  light  is  23:1,  the  light-dark 
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cycle  is  the  principal  entraining  agent  of  the  endogenous  rhytfasi. The 
acute  sensitivity  of  animals  to  this  Zeltgeber  (U^t)  Is  exqtiislte.  For 
example,  the  squirrel  monkey  Is  very  sensitive  to  short  light  pulses  as  brief 
as  1 second  of  light  per  day  at  600  lux.  This  short  light  period  mas  capable 
of  entraining  the  drinking  rhythm  to  a 24  hour  period.  Light  pulses  produced 
discrete  changes  In  a duratlon-dependent  fashion.  These  data  underscore  the 
potency  of  light  as  a Zeltgeber  for  diurnal  primates. 

B. 3 Meal  time-  Programmed  feeding  cycles  are  strong  Zeltgebars  for  mam- 
mals, primstes,  and  nan.'***’^'’*****^®*'**'*’*»^^**  It  has  been  shown  that  one 
meal  consumed  In  the  morning  results  In  weight  loss  In  the  human,  and  the  same 
amount  of  food  consumed  In  the  evening  results  In  a significantly  smaller  loss 
of  weight  or  else  a gain. Halberg  stated  that  meal  timing  has  an  important 
effect  on  body  rhythms. 


A diet  plan  to  assure  swift  adjustments  to  the  phase-shifts  developed  In 
humans  during  transmerldlsn  flights  has  been  suggested  by  Ehiet,  Groh,  and 
Melnert.*^’’  Their  diet  Is  based  upon  the  following  physiological  considera- 
tions: 1)  the  chronoblotlc  action  of  the  methylated  xanthines  In  tea  and 

coffee^^^^;  2)  the  action  of  food  as  a Zeltgeber  In  feed-starve  cycles,  presum- 
ably efficacious  becatise  of  glycogen  depletion  during  the  prolonged  fasting 
phase;  3)  the  tendency  of  a high  protein  meal  to  favor  synthesis  of  catechol- 
amines associated  with  the  active  phase  of  the  circadian  rest-actlvlty 
cycle^**^^;  and  4)  the  tendency  of  a meal  high  In  carbohydrates  to  favor  the 
Increased  synthesis  of  serotonin  which  typically  precedes  sleep. '‘**»***’^'**** 
i<>92,i67S  7}j£g  scheme  alternates  feast  and  famine  days  with  excesses  and 

absences  of  caffeine  drinks,  high  protein  meals,  and  periods  of  heavy  and  light 
activity.  The  model  of  Ehret  et  al.  was  tested  by  Graeber  and  his  col- 
leagues. Along  with  the  other  countermeasures  employed  (rest  activity 
schedules  and  social  Interaction)  an  overall  reduction  In  fatigue  associated 
with  transmerldlan  flight  was  exhibited  by  the  subjects. 


Physiologic  hypoglycemia  from  starvation  or  strenuous  exercise  is  fre- 
quently present  in  persons  with  perfectly  normal  carbohydrate  metabolism.  It 
has  been  reported  that  the  judgment  required  to  carry  out  a skilled  landing 
operation  can  be  Impaired  by  the  effects  of  an  empty  stomach,  particularly 
after  an  all-night  flight. For  flight  crew  benefit,  the  need  to  provide 
24  hour  meal  service  at  their  hotels  and  flight  bases  cannot  be  Ignored.  Only 
in  this  manner  will  aircrews  be  In  optimal  physical  and  mental  condition. 
Importantly,  a regular  meal  time  cycle  Is  an  extremely  valuable  and  practical 
therapy  to  prevent  possible  decrements  In  performance  that  may  be  caused  by 
acute  fasting. 

A shift  of  meal  time  can  effect  circadian  rhythnw  by  displacement  of 
precursor  availability.  This  cannot  only  result  In  alteration  of  the  circadian 
rhythffliclty  of  various  enzymes,  but  can  also  desynchronize  their  activities 
relative  to  each  other.  Three  specific  enz^nDes  of  smlno  acid  metabolism, 
tryptophan  pyrrolase,  tyrosine  aminotransferase,  and  serine  dehydrase,  were 
found  to  react  very  differently  to  changes  in  the  chronology  of  a protein  meal. 
The  circadian  rhytfaias  of  tryptophan  pyrrolase  remained  the  same  In  rats 
receiving  protein  meals  at  either  0500,  0900,  1300,  1700,  or  2300  hours  and 
consuming  their  energetic  (carbohydrate  and  fat)  feed  ad  lib.  during  the  night. 
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Tyrosln*  amlnotranafcrase  was  systamstlcally  Inducad  savaral  fold  aftar  the 
protaln  meal.  The  increase  was  naxinal  when  close  to  the  beginning  of  the 
normal  circadian  rise.  Serine  dehydrase,  althougih  its  level  is  strongly  depen- 
dent on  the  overall  protein  content  of  the  diet*  was  inducible  by  the  protein 
meal  only  during  the  fasting  period.  Its  activity  was  otherwise  controlled  by 
the  ingestion  of  energetic  material.***  This  demonstrated  the  more  complex 
meal  tine  relationship  between  energetic  and  protein  intake.  Thus*  meal  timing 
may  act  to  Increase  or  ameliorate  desynchronosis. 

Much  of  the  mechanism  by  which  meal  timing  affocts  the  endogenous  circa- 
dian timing  system  is  still  unknown.  It  is  possible  that  the  behavioral 
response  induced  by  the  daily  provision  of  food  to  a fatted  snimal  Influences 
the  daily  central  circadian  pacemakers  which  apparently  reside  in  the  hypo- 
thalamus. Alternatively*  some  component  of  the  ingested  food  may  act  directly 
or  Indirectly  on  the  pacemakers  of  the  circadian  system.  There  is  evidence 
which  favors  this  latter  possibility  since  an  aniawl's  diet  is  known  to  influ- 
ence the  biochemical  composition  of  its  brain  and  specifically  the  plasma 
levels  of  tryptophan  and  choline  which  influence  the  brain  levels  of  the  neuro- 
transmitters  serotonin  and  acetylcholine*  respectively.  A direct  effect  of 
any  dietary  component  on  the  pacemakers  of  the  circadian  timing  system  is  far 
from  being  proven,  although  currently  it  is  a matter  of  intensive 
Investigation. * ®*^ 

In  addressing  the  Importance  of  meal  time  as  a Zeltgeber*  there  are  those 
who  believe  that  in  the  rat  the  food-availability  cycles  are  not  aci-lng  as 
classic  Zeitsebers  and  tl*at  mechanisms  other  than  entrainment  of  an  oscillator 
are  at  work.’  In  the  ..at  and  mouse*  there  is  evidence  that  restrictive  feeding 
or  eat-fast  cycles  may  affect  rhythmic  behavior  but  are  not  true  Zcltgebers. 
Intact  rats  under  constant  conditions  seem  to  be  unable  to  anticipate  19-  or 
29-hour  feeding  schedules.  Stephan  found  that  under  constant  conditions  rats 
%rith  suprachiasmatic  nuclear  (SCN)  lesions  are  capable  of  anticipating  24  hour 
eat-fast  schedules*  but  not  18  hour  feeding  schedules.^’**  Other  workers 
found  that  the  activity  rhythm  in  blind  rats  is  not  entrained  by  fixed-interval 
restrictive  feeding  cycles.***  As  another  example*  eat-fast  cycles  controlled 
or  "drove"  the  overt  drinking  behavior  of  the  rat*  but  this  rhythm  failed  to 
entrain  to  the  eat-fast  period  and  returned  to  its  underlying  periodicity  when 
food  was  made  available  ad  llb.**^  Certain  rhythmic  parameters  such  as  bodv 
temperature  appear  to  be  controlled  by  restrictive  feeding  schedules. **^'^’** 

Cycles  of  eating  and  fasting  are  capable  of  synchronizing  at  least  five 
different  variables  in  the  squirrel  monkey.  The  reasons  for  classifying  the 
eat-fast  cycle  as  a true  circadian  Zeltgeber  in  the  squirrel  monkey  are: 

1)  period  control  by  period  length  of  the  eat-fast  cycle;  2)  phase  control 
determined  by  the  phase  angle  of  the  eat-fast  cycle;  and  3)  stability  of  the 
waveform  of  the  dependent  rhythms. ^^**  Urinsry  volume  and  potassium  rhythsm 
are  more  closely  coupled  to  eat-fast  cycles  than  to  light-dark  cycles.  This 
is  demonstrated  by  a transient  rephasal  period  of  one  day  following  an  eat- 
fast  phase  shift  as  compared  to  a seven-day  lag  to  a comparable  light -dark 
phase  shift.  These  findings  indicate  that  the  circadian  rhythms  of  urinary 
potassium*  sodium*  and  water  excretion  are  controlled  by  mechanisms  that  are 
not  passl'slv  dependent  on  the  behavioral  patterns  of  feeding*  drinking*  and 
activity. In  addition,  drinking  rhythM  and  body  temperature  will  entrain 
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to  MC-fut  cyclos.  Transiont  dlaaoclatlon  of  drinking  rhythM  from  eating 
rhythma  haa  bean  aeen  in  both  rata  and  nonkaya  after  a phaaa-ahlft  of  aat-faat 

In  aqulrral  aonkaya  It  haa  bean  found  that  transient  internal  dasynchro-* 
nlsatlon  occurred  after  a phaaa^ahlft  In  the  light-dark  cycle  and  alao  after  a 
shift  in  the  aat-fast  cycle  but  vlth  internal  daaynchronlzatlon  occurring 
between  different  variablaa.^^^^  This  conflnad  the  supposition  that  transient 
internal  desynchronisation  is  caused  by  disparities  in  the  strengths  of  cou- 
pling of  individual  rh3rthas  to  the  Zaltgabar  which  is  being  phase-shifted. 

This  observation  also  opened  up  the  Intriguing  possibility  that  if  both  light- 
dark  and  aat-fast  cycles  are  phase-shifted  ainultaneously*  all  physiological 
rhythas  could  be  resynchronised  more  rapid ly»  and  transient  internal  desyn- 
chronisation could  be  reduced.  The  implications  of  these  findings  for  minimis- 
ing the  symptoms  of  *' Jet- lag"  are  exciting*  but  remain  to  be  fully  explored. 


C.  Re-entrainment  Following  Phase-Shift  of  Zeitgebers 

After  discussing  the  effects  of  Zeitgebers  on  the  human  circadian  system, 
it  becomes  Important  to  discuss  the  processes  of  desynchronisation  and  resyn- 
chronlzatlon  and  how  and  why  they  occur.  Instant  desynchronisation  of  human 
circadian  rhythss  and  the  periodic  time  cues  in  tne  environment  occur  imme- 
diately following  rapid  air  travel  along  latitudes.  The  result  of  this  phase- 
shift  is  a dysrhythmia  of  the  phase,  amplitude*  and  period  length  of  the  body's 
oscillating  processes.  The  resynchronlsation  of  the  different 
tions  is  variable.  Zach  rhythm  resynchronlses  at  its  own  rate. 

The  urinary  excretion  rhythm  of  17-hydroxycorticosteroids  is  slow  to 
adjust  to  resynchronlzatlon  in  comparison  to  catecholaadne  excretion  rhythms. 

It  appears  to  require  ten  days  for  the  re-entrainment  of  urinary  steroid 
excretion  in  the  human. Rephasal  rates  of  body  temperature  occur  faster 
than  those  of  17-OHCS  in  the  first  24  hours  postf light.  However*  at  later 
times  the  rephasal  of  body  temperature  slows  do«m  and  the  two  rhythms  begin 
resynchronlzatlon  at  sisdlar  rates. Differences  in  the  rate  of  adjustment 
between  noradrenaline  and  adrenaline  have  also  been  observed.^*** 

There  is  an  asymaetrv-effest  with  regard  to  the  direction  of  the  trans- 
meridian  flight. Simply  defined,  the  asymmetry-effect  refers  to 
the  fact  that  phase-shifts  are  slower  and  resynchronlzatlon  takes  longer  after 
air  travel  from  west  to  east  than  after  travel  from  east  to  west  (see  also 
Section  V).  Attesipts  to  explain  this  effect  have  proven  to  be  difficult. 

It  was  thought  that  the  time  of  flight  and/or  the  direction  of  flight  in 
regards  to  the  traveller's  permanent  liome  may  have  an  influence  upon  the  speed 
of  adjustment.  But  these  explanations  have  since  proven  incorrect.^’**  The 
asymmetry-effect  does  agree  with  the  observation  that  it  is  easier  to  prolong 
a day  by  remaining  awake  as  occurs  after  a westerly  flight,  than  to  sleep  when 
one  isn't  tired  (at  an  unaccustomed  time)  as  would  occur  after  an  easterly 
flight.’*® 

The  rate  of  re-entralnment  of  the  circadian  system  can  generally  be  char- 
acterized by  the  following  parameters:  1)  Is  nonlinear  over  time;  2)  is 
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aff«cud  by  th«  dirtctlon  of  flight,  i.«.,  th«  MynMtry-«ff«ct;  3)  Is  sffsctsd 
by  ths  fact  that  ths  dlffsrsnt  physiological  and  psychological  variables  rssyn- 
chronisa  at  diffarant  rates:  and  4)  nay  be  influenced  greatly  by  the  interac- 
tion of  several  Zeitgebers,^ or  application  of  chronotherapy. 


D.  Chronotherapy 

Chronotherapy  nay  be  carried  out  with  drugs  (chronochenotherapy) , neal 
tiaing  (chronutrltion) , and  rearranganent  of  activity  schedules.  Chronochnso- 
therapy  (drug  therapy)  is  a difficult  issue  in  relation  to  aircrews  and  their 
unusual  sleeping  patterns  that  result  fron  transneridian  flight  and  the 
acconpanyinf  desynchronosis.  Obviously,  sleep  deprivation  affects  perfomance 
but  so  can  drugs,  such  as  sedatives,  depressants,  hypnotics,  stinulants,  and 
antieplleptics . 

The  barbiturates  are  sedatives  and  central  nervous  systen  (CHS)  depres- 
sants and  are  so  variable  in  their  effects  and  rates  of  excretion  and,  partic- 
ularly, in  their  prolonmd  behavioral  effects  that  their  use  by  aircrews 
cannot  be  supported. Barbiturates  are  extrenely  dangerous  in  overdose, 
expecially  in  combination  with  alcohol  and  are  also  addictive.^**  Barbitur- 
ates at  doses  in  the  normal  therapeutic  range  have  an  effect  which  impairs  per- 
formance during  most  of  the  working  day  following  inaeation.^*’^  In  addition, 
barbiturates  have  been  found  to  depress  REK  sleep. 

Alcohol  is  another  general,  nonaelective,  CHS  depressant  and  must  be  con- 
sidered as  a drug.  TVenty  to  thirty  minutes  after  ingestion  of  a single  dose 
of  alcohol,  maximum  blood  levela  are  reached.  Initially,  alcohol  acts  as  a 
behavioral  stimulant,^**  due  to  loss  of  behavioral  inhibition.  The  next  state 
exhibited  after  alcotel  ingestion  is  sedation  and  drowsiness,  then  follow 
sleep,  anaeethesia,  coma,  and  death,  depending  on  dosage. Hawkins^**  indi- 
cated that  approximately  SOX  of  the  cockpit  crew  used  alcohol  as  an  aid  to 
sleep.  Widespread  use  of  alcohol  can  leiid  to  the  development  of  a dependence 
by  flight  Crete,  resulting  in  perfomance  decrements  and,  finally,  personality 
disorders.^**  Preston  suggested  that  the  daneers  of  alcohol  in  sleep-deprived 
subjects  need  to  be  made  known  to  all  pilots. 

The  benzodiazepines  seen  to  be  the  hypnotics  most  comnonly  used  by  evic- 
tion peraonnel.^**  Their  effects  are  characterized  by  uneven  distribution 
throughout  the  blood  and  body  tissues.  They  bind  to  specific  tissues  in  the 
kidney,  liver,  and  brain.  The  three  most  connonly  used  benzodiazepines  are 
diazepam  (Valium),  nitrazepam  (Mogadon),  and  flurazepam  (Dalmane.  Dalmadom). 
They  all  impair  memory  and  reduce  performance  of  skilled  tasks.^'*  Nitrazepam 
(10  mg)  and  flurazepam  hydrochloride  (30  mg)  led  to  performance  decrements 
after  overnight  ingestion  which  persisted  well  into  the  next  working 
day.tsss.iicz  Difxepam  (10  mg)  leads  to  impaired  performance  for  a few  hours 
after  ingestion  but  it  does  not  extend  into  the  next  working  day.^**‘  However, 
diazepam  does  have  an  estimated  half-life  of  54  hours. In  the  usual  5 mg 
dose,  diazepam  is  unlikely  to  produce  a sufficient  full  sleep  period  In  an 
out-of-phase  flight  crew.'** 


Th«  us«  of  stlaulantSf  apart  fron  caffaina»  la  far  laaa  vldaapraad  among 
flight  crava  than  la  the  uaa  of  hypnotica.^**  Tha  uaa  of  caffaina,  which  la  a 
tnathylatad  xanthlna»  la  wldaapraad  In  occupatlona  whara  tha  human  operator  is 
required  to  carry  out  critical  taaka  whan  fatigued  or  whan  body  rhythsM  are 
out-of-phare.  Caffeine  la  readily  abaorbad  In  tha  body  and  can  be  detected  In 
the  blood  within  five  mlnutee  of  IngaaMon.  Ita  half-life  la  3.5  hours. 
Caffeine,  in  significant  quantity*  has  been  demonstrated  to  cauae:  increased 

time  to  sleep  onset*  decreased  total  sleep*  Increase  In  wakenings*  Increase  in 
light  sleep*  reduced  REM  and  Delta  sleep*  increased  number  of  sleep  stage 
shifts*  increased  mental  fatigue*  and  occasional  gastric  Irritation.  These 
effects  are  related  to  the  amount  of  caffeine  ingested.*^* 

Animal  pharmacologic  circadian  studies  are  qualitatively  different  from 
human  studies  in  that  animal  studies  often  analyze  several  physiologic  varia- 
bles concomitantly  over  relatively  long  tlise  spans  under  precisely  controlled 
conditions.  In  addition*  anisial  studies  make  use  of  methods  which  can  be 
invasive  and  destructive.  Thus*  animal  studies  tend  to  be  the  best  to  study 
systems  function  at  a mechanistic  level.  There  has  been  some  research  in 
animals  demonstrating  effects  of  stimulants,  sedatives*  and  antiepileptic 
drugs  on  circadian  paraiseters.''’***^**'®’**^’*^*^*’*^ 

Animal  experiments  have  deaxmatrated  that  certain  drugs  can  catise  phase- 
shifts  which  may  improve  or  exacerbate  rephasal  relationships  following  phase- 
shifts  in  Zeitgebers.  In  the  rat*  deep  body  temperature  rhythms  monitored  by 
telemetry  can  be  reset  in  a predictable  direction  by  a stimulant  (theophylline) 
and  by  a depressant  (pentobarbital).  When  the  drugs  are  applied  immediately 
before  or  during  the  early  active  phases  of  the  circadian  cycle*  the  rhytho  is 
set  back  vphaae  delay).  When  applied  later*  past  the  thermal  peak,  theophyl- 
line* but  not  pentobarbital,  shifts  the  rhythm  ahead  (phase  advance).  Theo- 
phylline* and  pentobarbital  in  addition  to  having  a nu^er  of  established 
pharmacological  properties  are  now  further  identified  as  chronobiotics*  i.e. * 
drugs  that  may  be  used  to  alter  the  biological  time  structure  by  rephasing  a 
circadian  rhythm. 

Other  drugs*  such  as  antidepressants  (tricyclic)  and  lithium  affect  the 
period  length  of  circadian  rhythiui  in  animals.  TVo  tricyclic  antidepressants* 
imipramine  and  desmethylimipramine,  accelerate  the  free-running  circadian 
rhythm  by  shortening  the  circadian  period  of  the  rest-activity  cycle.  Sec- 
ondly* the  circadian  rhythm  of  rest-activity  of  lithium-treated  animals  is 
leas  subject  to  disintegration  in  constant  dark. 

An  antiepileptic  pharmacologic,  lithium  chloride*  has  been  shown  to 
lengthen  the  activity  periods  by  a small  increment  in  the  desert  rat  (Meriones 
crassus)  and  in  the  hamster*  and  therefore  nay  find  a useful  place  in  chrono- 
therapy. *^ **''**  A depressant*  alcohol,  nay  also  prolong  the  period  length. 
Acute  exposure  of  rats  to  alcohol  given  as  single  intraperitoneal  injectiona 
(1.5  g/Kg)  four  hours  prior  to  a temperature  measureamnt  had  no  effect  on  the 
normal  circadian  rhythm  of  body  temperature.  Neither  did  alcohol  affect  the 
phase-shifts  or  amplitude  changes  of  those  rats  on  this  acute  dosage  schedule 
who  were  entraining  to  an  eat-fast  cycle. However*  a lengthening  of 
period  occurred  .n  the  activity  period  of  haisaters  when  blind  animals 
chronically  inj anted  20Z  alcohol*  indicating  that  the  chronic  effect  of 


alcohol  on  circadian  paraRetara  nay  be  different  chan  the  acute  effect  of  the 
drug.^”’ 


D. 1 Chronobtotlca-  Quladon,  a compound  synthesised  by  Merck*  proper- 
ties Chat  make  it  seen  a potentially  vseful  chronobiocic:  1)  it  Is  a tranquil- 

liser; 2)  it  apparently  increases  subjective  activity  an ; improves  performance 
in  human  subjects  placed  under  mental  pressure;  3)  it  ia  a depleter  of 
5-hydrox/tryptamlne  (5-HT)  which  drives  the  circadian  rhythm  of  pineal  3-1^ 
and  presumably  other  components  of  the  circadian  system  onto  the  new  dally 
schedule.  In  a double-blind  trial,  Quiadon  was  tested  £or  possible  use  as  a 
chronobiocic  by  Simpson  and  his  colleagues  in  1973.^**^  The  results  of  the 
trial  were  unsuccessful.  Both  groups  of  subjects  rapidly  resynchronized, 
therefore,  there  v.)s  no  pliase-lag  exhibited  by  the  groups  for  the  drug  to  act 
upon.  Quiadon  hs.<^  not  been  retested  as  a chronobiotic  since. *’°*^‘*^  Other 
drugs  are  currently  being  experimented  with  in  animals  to  ascertain  their 
chronctherapeutlc  value,  e.g. , nomifensine. 

D.2  Relaxation  techniques-  There  are  many  techniques  and  methods  avail- 
able which  nay  help  to  induce  relaxation  and  sleep,  ameliorating  some  of  the 
effects  of  desynchronosis.  Among  them  are  the  Relaxation  Response,  Autogenic 
Training,  Hatha  Yoga,  biofeedback,  electrosleep,  and  acupuncture.  In  order 
for  these  techniques  to  be  effective,  the  subject  must  be  highly  motivated  in 
its  practice.  Several  of  these  methods  were  evaluated  as  treatments  for 
insomnia  resulting  from  transmerldlanal  desynchronosis. 

The  Relaxation  Response  Is  a type  of  meditation. It  was  developed  by 
Herbert  Benson  of  the  Harvard  Medical  School  as  a method  of  relaxation  which 
leads  to  feelings  of  calmness,  refreshment,  and  well-being.  These  subjective 
feelings  varied  among  individuals.  The  Relaxation  Response  is  achieved  as  the 
subject  repeats  the  word  "one"  over  and  over  again  to  eliminate  distracting 
thoughts  from  his  mind,  while  the  subject  sits  quietly  In  a comfortable  posi- 
tion. Many  individuals  have  used  the  Relaxation  Response  while  lying  in  bed 
to  help  them  to  achieve  sleep  without  the  use  of  sleep- inducing  medication. 
Since  the  Relaxation  Response  requires  only  a slight  change  in  lifestyle.  It 
is  ideal  as  a sleep-inducing  aid  for  airline  flight  crews. 

A second  technique  used  to  induce  sleep  is  the  Autogenic  Training  Tech- 
nique. This  method  was  develooed  by  J.  Schultz  in  the  early  1920s  and  has  been 
further  refined  by  W.  Luthe.^®"*®®'**^*'*®  To  Induce  relaxation  the  subject 
repeats  suggestions  of  warmth  and  heaviness  to  himself  over  and  over  again 
inducing  muscle  relaxation  and  vasodilation.^®'*®  According  to  the  results  of 
a study  done  by  P.  Nicassio  and  R.  Bootzln  using  insomniacs.  Autogenic  Train- 
ing was  very  effective  in  reducing  the  amount  of  time  needed  to  achieve  sleep 
and  improved  the  quality  of  sleep.  Autogenic  Training  also  resulted  in  an 
increase  in  physiological  and  emotional  tolerance.®®**  Therefore,  it  is  antic- 
ipated that  in  the  aviation  environment  this  ^ichnique  could  possibly  Increase 
tolerance  to  stresses,  and  Improve  the  ability  to  sleep  in  air  crews. ^®® 

A third  technique.  Hatha  Yoga,  which  Incorporates  physical  and  mental 
training,  leads  the  subject  to  an  "overall  harmoniously  balanced"  mind  and 
body.  In  considering  possible  channels  for  relief,  this  technique  should  not 
be  ignored.^®® 
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Biofeedback  is  a fourth  method  utilized  to  Induce  relaxation  and  sleep. 
Control  is  maintained  over  muscle  tension  (electromyogramt  EMC)  and  brain-wave 
frequency  (electroencephalogram*  EEC)  by  the  placing  of  electrodes  on  the  body 
which  send  signals  back  to  the  subject  aurally  and  visually.  In  this  way  the 
subject  Is  able  to  Induce  his  body  to  relax.  A study  performed  by  Hawkins  In 
Amsterdam  In  1974  gave  dlscoura^ng  results  In  relation  to  the  use  of  blofeed- 
back  to  Increase  total  sleep. Further  well-controlled  experimental  work 
seems  Justifiable. 

A less  common  method  of  sleep  Induction  Is  electtosleep.  This  Is  a state 
of  consciousness  unlike  ordinary  sleep.  It  Is  produced  by  the  application  of 
a weak  electric  current  to  the  brain.  Electrodes  are  placed  over  the  eyes  or 
on  the  forehead  and  at  the  back  of  the  head.  A 10-20  Hz  current  Is  applied 
Just  below  the  threshold  of  sensation.  A state  of  relaxation  Is  induced  in 
the  subject  within  ten  minutes  which  is  frequently  followed  by  sleep.  No 
adverse  side  effects  have  been  determined  with  electrosleep's  normal  use.  This 
method  may  be  useful  in  the  aviation  environment,  but  a number  of  questions 
remain  unanswered.  It  is  preferable  not  to  rely  on  a method  which  externally 
interferes  with  the  normal  functioning  of  the  brain. 

The  treatment  of  transmerldlanal  desynchronosis  with  acupuncture  has  been 
advocated  by  W.  H.  Khoe.’^’  He  claims  that  out  of  fifty  patients  treated  with 
acupuncture  for  desynchronosis  symptoms,  90Z  became  asymptomatic  within  five 
to  ten  minutes  after  treatment.  The  acupuncture  technique  utilized  was  aqua- 
puncture,  In  which  0.1  to  0.2  cc  of  Vitamin  B-12  at  100  mcg/cc  In  saline  was 
injected  into  the  acupuncture  points.  The  main  points  injected  to  treat 
desynchronosis  are  Gov-20,  Gov-19,  Gallbladder  16,  Ammlen  1 and  2.  Again, 
further  Investigation  Is  indicated. 


E.  Conclxisions 

An  educational  program  should  be  developed  to  alert  pilots  to  the  impor- 
tance of  maintaining  regular  habits  of  sleep  and  nutrition.  In  addition,  the 
program  should  warn  air  personnel  of  the  dangers  of  alcohol  and  other  drugs 
as  sleeping  aids  In  the  work  environment  and  the  hazards  which  accompany 
excessive  use  of  caffeine. 

Further  stiidles  are  Indicated  In  many  chronotherapeutlc  areas.  Currently 
there  is  a great  lack  of  information  in  the  area  of  chronobiotics , Indicating 
further  research.  There  is  a great  need  for  a suitable,  safe,  short-acting 
hypnotic  which  can  be  prescribed  to  pilots  on  transmeridian  flight  schedules. 
Increased  investigation  Is  indicated  in  the  area  of  meditation  and  relaxation 
techniques . 
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F.  Selected  Bibliography  on  Chronotherapy 


5 170  409  529  705  839 

7 173  410  530  706  840 

8 174  4ll  531  709  841 

9 175  412  533  713  842 

10  177  413  537  714  844 

11  179  419  538  716  846 

29  183  420  539  717  850 

30  186  428  540  718  851 

35  187  429  543  720  852 

37  189  432  544  721  853 

38  190  435  547  722  854 

40  192  448  558  723  855 

42  193  452  568  725  867 

43  194  453  578  726  868 

54  195  455  587  727  869 

60  196  459  588  728  872 

67  197  460  603  729  878 

69  216  461  605  730  881 

73  231  462  613  731  882 

81  247  468  614  732  883 

82  248  474  615  735  884 

83  249  475  616  736  887 

87  250  476  617  738  888 

91  254  478  618  739  891 

93  255  481  619  740  892 

97  262  482  620  741  897 

99  272  483  621  743  905 

105  281  484  624  745  909 

108  296  486  628  747  913 

119  297  487  632  778  923 

121  298  488  633  779  926 

122  305  489  637  780  929 

125  307  490  641  781  933 

126  309  493  642  788  935 

127  310  495  646  792  936 

128  321  496  649  793  943 

130  322  503  657  794  945 

131  326  504  658  796  948 

137  327  507  659  806  962 

138  329  509  665  808  965 

139  340  512  675  814  966 

140  342  513  675a  824  970 

141  345  515  678  825  991 

142  347  516  679  826  1012 

143  368  517  681  827  1013 

144  373  518  683  829  1014 

150  379  524  685  830  1017 

151  380  525  688  835  1018 

153  397  527  689  837  1022 

160  405  528  690  838  1023 


1024  1252  1391  1759 

1025  1258  1395  1523  1760 

1026  1259  1397  1541  1762 

1027  1268  1398  1545  1765 

1028  1261  1403  1547  1766 

1029  1262  1405  1549  1767 

1030  1264  1423  1550  1768 

1033  1265  1426  1556  1769 

1036  1267  1427  1565  1770 

1039  1269  1428  1566  1771 

1048  1270  1433  1573  1772 

1052  1271  1434  1604  1773 

1053  1272  143'»  1607  1774 

1056  1273  1440  1609  1775 

1067  1274  1441  1610  1776 

1075  1275  1442  1611  1777 

1089  1276  1443  1620  177G 

1095  1277  1444  1524  1787 

1096  1278  1445  1625  1788 

1097  1279  1446  1626  1789 

1112  1291  1447  1628  1792 

1116  1294  1449  1630  1793 

1121  1296  1452  1636  1794 

1122  1304  1453  1637  1796 

1124  1305  1459  1638  1805 

1132  1308  1464  T653  1836 

1133  1311  1466  1654  1850 

1145  1312  1469  1664  1861 

1149  1316  1471  1667  1862 

1154  1321  1473  1670  1863 

1159  1325  1474  1672  1866 

1171  1326  1475  1673  1881 

1172  1328  1477  1678  1903 

1177  1329  1479  1680  1926 

1178  1330  1480  1683  1937 

1179  1331  1485  1686  1938 

1181  1339  1486  1698  1941 

1187  1340  1492  1705  1965 

1198  1341  1495  1709  1967 

1212  1342  1496  1723  1974 

1213  1345  1498  1732  1975 

1223  1353  1499  1733  1981 

1229  1354  1502  1734  1989 

1231  1355  1506  1736  1993 

1232  1362  1513  1737  1995 

1239  1370  1514  1740  1998 

1240  1371  1515  1754  1999 

1241  1372  1515a  1756  2000 

1243  1375  1520  1757  2001 

1244  1389  1758  2005 


2015 

2017 

2018 

2019 

2020 
2021 
2024 
2037 

2055 

2056 

2063 

2064 
2070 

2072 

2073 

2075 

2076 

2077 
2082 
2084 
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VII.  THE  BIORHYTHM  THEORY 


A.  Introduction 

The  biorhythm  theory  (also  known  as  blorhythnlc»  blo-curve,  blo-cycle, 
and  even  biological  rhythm)  has  been  categorized  as  being  a fraud^®^**®*®  and 
nunerologlcal  nonsense  and  has  been  strongly  criticized  In  several  review 
articles. Therefore,  It  would 
deem  Irrelevant  to  Include  a discussion  of  biorhythm  theory  In  a review  con- 
cerning pilot  performance  and  Its  relationship  with  circadian  rhythm  desyn- 
chronization, fatigue,  sleep  loss,  stress  and  other  variables.  However,  the 
theory's  many  proponents.  Including  some  scientific  Investigators,  have  pub- 
lished claims  that  the  theory  can  be  used  to  predict  cyclical  changes  In  per- 
formance tendencies  and  predict  days  on  which  pilots  are  accident  prone.  If 
the  theory  Is  true,  then  pilot-caused  accidents  previously  attributed  to 
fatigue,  stress,  sleep  loss,  or  rhythm  desynchronization  might  well  be  secon- 
dary to  performance  decrement  Induced  by  adverse  blorhythm-cycle  phase  rela- 
tionships. Briefing  of  aircrew  on  biorhythm  theory  and  scheduling  of  flights 
according  to  aircrew  optimal  biorhythm  cycle  phases,  could  result  In  a signif- 
icant reduction  in  aircraft  accidents. The  Importance 
of  the  predictive  value  of  the  theory  for  Improving  aviation  performance  and 
safety,  the  widespread  popularity  and  reported  acceptance  of  the  theory  by 
influential  oeople  (see  refs.  666,  1847)  and  portions  of  the  airline  indus- 
j.j.y^i02,666,  8<»  ,1970  evidence  presented  showing  a relationship  between 

accident  frequency  and  biorhythm  p|jage®®®*®®®»i®®3,i8*i7,i90<*,20io  gupport  the 
need  for  a serious,  critical  examination  In  this  report. 


B.  Historical  Development  of  the  Theory 

The  biorhythm  theory  was  developed  in  Germany  by  Wilhelm  Fliess®®®*®®^ 
starting  about  1897  and  also,  concurrently,  by  Hermann  Swoboda,^^®^*^^®^  who 
heard  about  the  theory  from  Freud.  It  was  revived  and  popularized  by  George 
Thommen  in  1973.^*'^  According  to  the  version  of  Thommen,  the  theory  postu- 
lates the  existence  of  two  cycles:  a 23  day  (physical  or  male)  cycle  that 

Influences  physical  strength,  endurance,  energy,  and  physical  confidence,  and 
the  28  day  (emotional  or  female)  cycle  that  influences  feeling,  love,  coopera- 
tion, and  irritability.  These  cycles  were  reportedly  derived  from  studies  of 
periodic  disease  states,  dreams,  and  anxiety  by  Flless  and  Swoboda.  The  theory 
holds  that  these  cycles  are  generated  (synchronized)  from  the  moment  of  birth 
and  oscillate  with  constant  period  length  throughout  the  lifetime  of  the  indi- 
vidual. Each  cycle  is  described  by  a sine  wave  having  a positive  and  a nega- 
tive phase  with  two  crossing  points  at  the  transition  point  between  positive 
and  negative  phases.  This  crossing  point  occurs  at  the  birth  times  for  the 
28  day  cycle,  but  for  the  23  day  cycle,  where  a crossing  point  occurs  at 
11.5  days,  the  crossing  point  occurs  at  birth  time  plus  12  hours.  The  thesis 
claims  that  performance  levels  correspond  to  phases  of  the  two  cycles  with 
best  performance  at  cycle  peak  and  worst  performance  at  the  cycle  trough.  In 
the  1920s  Alfred  Teltscher  found  a 33  day  cycle  In  student  intellectual  per- 
formance, reportedly  verified  by  Rexford  Hersey,®®®*®®**  and  thus  the  33  day 
Intellectual  biorhythm,  corresponding  to  learning,  memory,  and  creative 
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thinking,  came  into  existence.  Methods  of  conveniently  calculatins  the  chart- 
ing biorhythns  were  later  developed  by  Alfred  Judt  and  Hans  Fruh.‘®*»*®^»*®*»*** 
Hans  Schwing^®®^  first  studied  the  relationship  between  accident  frequencies 
and  phases  of  the  biorhythm  cycles.  He  claimed  accidents  tended  to  cluster  on 
the  crossing  point  days,  which  were  termed  "critical  days."  On  these  days, 
performance  is  said  to  be  unstable  and  an  individual  is  more  vulnerable  to 
accidents  than  on  noncritlcal  days.  The  33  day  cycle  is  reputed  to  have  less 
relative  effects  on  performance  levels  and  critical  day  effects  than  the  other 
two  cycles.  Periods  when  the  23  and  28  day  cycles  are  exactly  out  of  phase  or 
2 or  3 of  the  cycles  are  at  low  phases  are  also  claimed  to  be  times  of 
Increased  accident  vulnerability. ^®*^^  Simultaneous  occurrence  of  critical 
days  between  3 cycles  (double  or  triple  critical  days)  supposedly  results  in 
greater  performance  instability  and  corresponding  increased  accident 
susceptibility. 


C.  Wilhelm  Fliess*  Biorhythm  Theory 

A critical  analysis  of  Fliess*  development  of  the  biorhythm  theory  by 
Gardner®®®  provides  a marked  contrast  to  the  evaluation  and  description  of  the 
work  of  Fliess  by  Thommen,®^®^^  Gittleson,®®®  and  others.  Despite  the  publica- 
tion of  numerous  books  and  articles  on  biorhythm  theory,  Gardner  seems  to  be 
the  only  person  discussing  biorhythm  theory  beside  Thommen  (and  perhaps  also 
Demuth***^®)  who  has  actually  read  the  original  Fliess  literature.  All  other 
published  accotmts  of  Fliess*  work  appear  to  be  only  citations  of  the  material 
in  Thommen* s book.  This  is  remarkable  in  view  of  the  tremendous  proliferation 
of  books,  articles,  calculators  and  biorhythm  charting  services,  all  of  which 
are  basically  dependent  upon  the  validity  of  Fliess*  work.  This  negligence  is 
certainly  due  in  part  to  the  fact  that  Fliess*  books  are  in  German,  are  long 
and  difficult  to  read  and  also  generally  unavailable.®®''*  According  to 
Gardner,®®®  Fliess  was  obsessed  with  the  numbers  23  and  28  and  believed,  in  a 
general  theory  of  bisexuality,  that  all  living  phenomena  manifest  a male  cycle 
of  23  days  and  a female  cycle  of  28  days.  Fliess*  major  book  Per  Ablauf  des 
Lebens  (The  Course  of  Life)  describes  his  development  of  the  biorhythm  theory. 
In  Gardner's  version  the  book  states  that  all  natural  processes  and  events 
reflect  the  influence  of  the  23  and  28  day  cycle  and  all  of  the  integer  multi- 
ples of  these  cycles.  Fliess*  basic  formula  can  be  trrltten:  23X  + 28Y,  where 
X and  Y are  positive  or  negative  integers.  Fliess  fits  this  formula  to 
phenomena  ranging  from  the  biological  cell,  to  Schubert's  musical  composition 
dates,  to  the  revolution  of  the  moon  and  sunspot  cycles.  Fliess  apparently 
did  not  realize  that  if  any  two  particular  Integers  that  have  no  common 
divisor  are  substituted  for  23  and  28  in  his  formula,  it  is  possible  to  express 
any  positive  Integer.  Any  event  can  be  created  as  a multiple  of  23  and  28  day 
cycles  from  a given  starting  point  using  this  formula.  For  example; 

1 - [23*(11*1)1  + (28*  - 9) 

2 - (23*(11*2))  + f28*(-9*2)l 

3 - 123*(1 1*3)1  + 128*(-9*3)1 

• « • • 

Even  if  X and  Y are  limited  to  positive  integers,  it  is  still  possible  to 
express  all  positive  Integers  greater  than  a certain  integer®®®  (N-593)  with 
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the  fonmila«  This  means  that  any  day  In  the  life  of  a person  more  than 
593  days  old  can  be  expressed  by  the  condilnation  of  Flless*  23  and  28  day 
cycles  (l.e. t every  day  would  theoretically  be  a blorhythmlc  critical  day). 
Neither  Thommen  or  the  other  biorhythm  proponents  cite  Flless*  earlier  1897 
book»  which  Is  understandable » given  Its  arcane  Ideas  concerning  the  relation- 
ship between  the  nasal  mucosa  and  sexual  problems  and  their  treatment  by 
cocaine. 

Thommen  falls  to  mention  the  Flless  formulas  as  using  Integer  multiples 
of  23  and  28  day  cycles  to  correlate  with  biological  events.  The  use  of 
Integer  multiples  of  23  and  28  days  allowed  Flless  to  explain  any  biological 
event  or  cycle  on  the  basis  of  his  theory.  Including  any  biological  events 
which  would  result  from  stochastic  processes,  thereby  rendering  the  theory 
totally  useless.  Thommen  also  falls  to  mention  that  Flless  applied  the  bio- 
rhythm theory  to  animals,  plants  and  even  astronomical  events.  Is  Gardner 
analysis  of  Flless*  work  accurate?  One  of  us  has  obtained  a copy  of  Flless' 
book  Zur  Perlodenlehre.*^*  In  this  book,  Flless  definitely  makes  the  follow- 
ing claims:  biorhythm  cycles  are  pure  sinusoids,  exact  In  period  length  to 

the  last  minute,  and  are  present  In  horses  and  plants  as  well  as  In  humans. 

He  shows  numerous  examples  of  events  In  the  lives  of  people  (e.g. , baby's  first 
teeth  to  dates  of  Beethoven  compositions)  which  are  calculated  as  positive 
integer  multiples  of  the  23  and  28  day  cycles  and.  In  addition,  shows  how 
biorhythm  cycles  are  transmitted  through  a generation  of  families,  using  his 
formulas.  In  conclusion,  the  Flless  biorhythm  theory  Is  numerological  non- 
sense. Flless  utilized  totally  uncontrolled,  often  Irrelevant  events  In  the 
lives  of  people  and  used  this  Information,  ex  post  facto,  to  support  a theory 
of  numerology*  by  means  of  mathematical  methods  which  were  totally  Invalid  In 
that  virtually  any  time  Interval  could  be  expressed  In  terms  of  23  and  28  day 
cycle  multiples.  Further,  he  constructed  rationalizations  which  made  refuta- 
tion of  his  theory  Impossible.  For  example,  Flless  was  bothered  by  the  fact 
that  the  human  menstrual  cycle  was  variable  and  did  not  exactly  correspond  to 
the  28  day  biorhythm.  He  explained  this  by  asserting  that  the  menstrual 
cycle  was  not  a true  biorhythm  but  represented  an  Interaction  between  the 
23  and  28  day  biorhythms,  which  thereby  resulted  In  Its  variable,  non-28  day 
period.  Since  It  Is  evident  that  this  explanation  could  be  applied  to  any 
psychological  or  physiological  data  which  deviate  from  biorhythm  theory.  It 
then  becomes  Impossible  to  test  the  validity  of  the  biorhythm  theory  and, 
therefore,  from  a scientific  point  of  view,  it  Is  useless. 


D.  Scientific  Evidence  for  Biorhythm  Theory 

Scant  scientific  evidence  exists  In  support  of  the  biorhythm  theory.  Pro- 
ponents of  the  theory  cite  a study^^^^  showing  a 23  day  periodic  recurrent 
fever.  However,  a study  Involving  a single  Individual  In  a pathological  state 
Is  hardly  conclusive,  particularly  since  the  study  shows  the  period  varied 


^According  to  tne  occult  "science  ' of  numerology,  future  events  r.re  pre- 
dictable In  terms  of  combinations  of  numbers  with  mystical  significance.  Odd 
numbers  represent  "male"  elements  and  even  numbers  represent  "female"  elements. 
(Encycl.  Amer.  20:  543,  1975) 
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from  20  to  23  days,  in  violation  of  the  blorhythmlc  period  Invariance  cri- 
terion. In  aupport  of  the  28  day  cycle  ia  a single  etudy^^’  showing  a 28  day 
cycle  in  bloelectrical  activity  of  the  brain  but  this  study  has  not  been 
replicated.  The  discovery  of  the  alleged  33  day  cycle  in  intellectual  func- 
tion by  Teltscher  cannot  be  verified  since  his  results  were  not  published. 

Hany  biorh^hm  advocatea***»^'***^*®**^*®®*^*’®  cite  the  work  of  Raxford 
Hersey*®®*®®®  as  evidence  for  a 33  day  cycle.  Hersey  studied  cycles  in  siood 
states  in  industrial  workers  over  periods  up  to  a year.  However,  close  exam- 
ination of  these  papers  reveals  that  cycles  ranged  from  28  to  63  days  in 
length.  Calculation  of  the  mean  from  Hersey' s data  yields  a value  of 
35.7  tlO.6  std  deviation.  Thus  the  cycles  are  neither  33  days  long  nor  con- 
stant, as  required  by  the  theory.  The  critical  day  hypothesis  has  not  been 
confirmed  in  performance  atudles*®®*®®^®®'*®^®’*®**®®®;  it  has  no  correlate  in 
studies  of  circadian  performance  changes.  The  idea  of  biorhythm-cycle  initia- 
tion at  the  tine  of  birth  is  difficult  to  reconcile  with  the  known  latency  of 
reproductive  cycles  until  puberty,  although  Halberg^®'®  found  some  evidence 
for  a 28  day  body  temperature  rhythm  prior  to  menarche.  One  of  the  foundations 
of  the  theory  is  the  concept  of  period  invariance.  However,  every  paper  in  the 
literature  involving  a longitudinal  study  in  which  period  estimates  were  per- 
formed through  averaging  or  time  series  analysis  reveals  a great  deal  of 
variability  in  rhythm  period  lengths  associated  with  the  biorhythm  cycle  time 
domain  (e.g.,  refs.  463,  465,  506,  526,  712,  723,  751,  1041,  1153,  1407,  1450, 
1470,  1710,  1893,  2004).  Although  the  menstrual  cycle  has  been  associated 
with  the  28  day  biorhythm, it  has  been  shown  that  the  menstrual 
cycle  actually  varies  from  24  to  30  days®’®*®  or  27  to  34  days®®^®  and  that  its 
period  length  varies  with  age.®^®*® 


E.  Biorhythm  Theory  and  Singular  Events 

It  is  stated  by  biorhythm  proponents  that  the  primary  proof  of  the  theory 
lies  in  the  significant  relationship  between  the  occurrence  of  singular  events 
(accidents,  deaths,  etc.)  and  biorhythm  cycle  phase,  particularly  critical 
days.  However,  a number  of  papers  have  recently  appeared  which  contradict  the 
biorhythm-event  relationship  claims.  The  following  section  lists  the  studies 
presenting  evidence  which  preponderantly  supports  or  contradicts  a significant 
relationship  between  biorhythm  cycle  phase  and  singular  event  occurrence. 

Aircraft  accidents: 

Support  theory:  666,  800,  1599,  1803,  1847,  1904,  2010 

Contradict  theory:  251,  942,  1050,  2048,  2050,  2051,  2052,  2053 

Industrial  accidents: 

Support  theory:  51,  52,  100,  222,  656,  666,  1336,  1448,  1618,  1651, 

1803  1858  2010 

Contradict  theory:  443,  831,  1134,  1160,  1343,  1429,  1448 

Vehicular  accidents: 

Support  theory:  149,  666,  696,  1063,  1738,  2012 

Contradict  theory:  318,  921,  942,  1338,  1402 
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Stilcldes: 

Support  theory:  180? 

Contradict  theory:  443*  458 » 1544 

Death  dates: 

Support  theory:  1651 » 2012 

Contradict  theory:  157 » 534,  845 > 880 • 942 

From  this  survey,  the  cited  evidence  Is  approximately  equal  In  support  or 
against  the  biorhythm-event  correspondence.  However,  serious  questions  have 
been  raised  about  the  quality  of  the  citations  In  favor  of  the  biorhythm 
effect  In  terms  of  small  sample  sizes.  Inadequate  or  missing  Information  on 
critical  day  definition,  and  use  of  Inaccurate  critical  day  or  accident  calcu- 
lated probabilities.  Major  attention  here  will  be  focused  on  aircraft  acci- 
dents. Citations  supporting  the  biorhythm  critical  day  hypothesis  with  respect 
to  aircraft  accidents  such  as  Weaver^*"**  have  been  criticized  as  having  Inade- 
quate sample  slze^®*®  or  Inadeqtiate  critical  day  Inf ormatlon^ ° ® ® ^ ° ® ® to  eval- 
uate the  statistics.  Also  criticized  were  the  studies  of  Williamson^ and 
Willis^ for  calculating  expected  accident  probability  on  the  basis  of  a 
24  hour  day  but  using  72  or  48  hour  critical  day  definitions,  respectively,  to 
determine  accident  frequencies.  ****^*^®*®  Recalculation  of  expected  critical 
day  probabilities  (on  the  basis  of  the  critical  day  definition)  of  studies 
reported  by  Willis, Kammerle,^*®*  or  Ault^**®  showed  that  observed  accidents 
did  not  significantly  exceed  expected  frequencies  as  implied  by  the  authors. 

In  the  largest  studies  conducted  on  aircraft  accidents  (9505  total) , Wolcott 
et  ai, 2048, 2050, 2051,2052  found  no  significant  relationship  between  biorhythm 
phase  and  accident  frequencies,  even  though  their  data  base  included  accidents 
used  by  Weaver, who  claimed  support  for  the  biorhythm-accident  relation- 
ship. It  should  also  be  noted  that  a substantial  proportion  of  the  evidence 
supporting  the  biorhythm-accident  relationship  comes  from  unpublished  cita- 
tions or  from  nonsclentlfic  publications.  The  Sacher*®*®  study,  while  gener- 
ally supporting  biorhythm  theory,  actually  found  no  significant  relationship 
between  accidents  and  biorhythm  critical  days. 

All  of  the  studies  of  the  relationship  between  accidents  and  biorhythm 
phase,  whether  In  support  or  contradiction  of  the  theory,  suffer  from  two 
major  deficiencies.  In  theoretical  terms,  Glanottl®®®  concluded  that  studies 
of  the  relationship  between  biorhythm  cycles  and  accidents  were  Inappropriate 
since  they  Isolate  the  low  performance  phase  of  any  biorhythm.  From  a 
methodological  point  of  view,  these  studies  have  all  examined  singular  events 
with  respect  to  phases  of  23,  28.  or  33  day  periods  (with  the  sole  exception 
of  the  Garvey  and  Nibler  study,®**  In  which  they  also  examined  other  periodic- 
ities). As  a result,  these  studies  have  utilized  a biased  sample  of  periodic- 
ities and  have  thereby  excluded  the  possibility  of  other,  nonbiorhythm 
periodicities,  which  may  be  significantly  correlated  with  accidents  or  other 
singular  events  due  to  the  effect  of  possible  infradian  alteration*?  In  perfor- 
mance levels.  The  biorhythm  proponents  cannot  cite  singular-event  statistics 
In  support  of  biorhythm  theory  unless  they  have  demonstrated  that  the  signifi- 
cant accident  frequencies  occur  only  with  respect  to  the  biorhythm  cycles  and 
not  with  other  periodicities.  Finally,  In  an  elegant  study,  Chaffin  and 
Skadburg®^®  showed  that  above  chance  levels  of  accident  frequencies  on  criti- 
cal days  could  be  obtained  using  visual  Inspection  of  biorhythm  charts,  but 
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accident  frequencies  occurred  at  chance  levels  using  numeric  scoring  methods. 
They  demonstrated  that  a bias  existed  in  hand  scoring  of  critical  day  accident 
occurrences  vhJ.ch  was  due  to  the  psychological  set  of  looking  for  hits.  Thus 
any  studies  reporting  above-chance  accident  frequencies  on  critical  days  which 
utilized  biorhythm  charts  for  scoring  are  of  dubious  value. 


F.  Biorhythm  and  Longitudinal  Studies 

This  category  includes,  in  general,  studies  where  data  were  collected 
from  subjects  over  a period  of  time,  or  studies  in  which  the  events  were  not 
singular  (e.g. » accidents  or  deaths)  but  were  sampled  at  different  time  periods 
from  a given  population.  It  includes  only  studies  specifically  designed  to 
test  biorhythm  theory  (i.e. . not  inf radian  rhythm  studies).  A surge  of  recent 
interest  in  this  area  is  evidenced  by  the  presence  of  15  Ph.D.  theses  since 
1973.  Studies  are  coded  by  P (positive-study  generally  supports  biorhythm 
influence)  or  N (negative-st\idy  generally  does  not  support  biorhythm  hypothe- 
sis). These  studies  were  designed  to  test  a statistical  hypothesis  that  per- 
formance is  or  is  not  significantly  correlated  %fith  biorhythm  phases  or  criti- 
cal days. 

Emotional  factors: 

Mood  ratings:  (292-P.  28  day).  (293-P.  28  day).  (634-P.  28  day). 

(1185-N).  (1533-N).  (1717-N) 

Emotional  factors: 

Student  suspension  dates:  (304-M) 

Academic  motivation:  (198-N) 

Performance  testing: 

Psychomotor:  (356-P.  28.  33  day).  (1303-P.  28.  33  day) 

Reaction  time:  (464-N),  (1337-P.  23.  33  day).  (1503-N),  (1632-H). 

(2048-N).  (2049-N) 

Body  movement:  (464-M) 

Manual  dexterity:  (1141-P.  23  day).  (1503-N) 

Hand  grip:  (1303-P.  23  day) . (1503-N).  (1632-N) 

Aircraft  landing:  (514-N) 

Unspecified  performance:  (2068-N) 

Intellectual  factors  (including  exam  scores,  mental  tests  or  information 
processing:  (514-N).  (656-P,  33  day).  (1141-P.  33  day).  (1185-N). 

(1337-P.  29  day).  (1833-N).  (157-N) 

It  is  evident  that  a majority  of  these  studies  reject  the  hypothesis  of  a 
significant  relationship  between  biorhythm  cycle  phase  and  performance.  Exam- 
ination of  the  studies  supporting  this  relatlonship**^‘***»'^**’******’^^''^* 
1156.130$  reveals  that  the  biorhythm  theory  was  not  supported  by  all  of  the 
performance  data  In  the  given  study  (i.e. . a relationship  was  found  between 
performance  and  one  of  the  cycles  but  not  with  all  three  of  the  cycles  or  with 
critical  days).  Methodological  problems  exist  In  many  of  these  studies, 
including  the  studies  supporting  the  biorhythm  hypothesis  and  those  rejecting 
it.  The  use  of  coded  (performance  above  or  below  mean)  data  rather  than  actual 
performance  values  (e.g..  refs.  1156.  1303,  1717)  could  bias  statistical. 
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estlinates  since  the  data  have  essentially  been  reduced  to  binary,  nonsinusoidal 
values.  In  many  cases  overly  simple  or  inappropriate  statistics  (e.g., 
t-tests,  in  which  variances  are  assumed  to  be  equal  and  no  estimate  of  corre- 
lation with  biorhythm  cycle  phase  is  obtained)  are  commonly  used. 
use, ISOS, 102  jjj  some  studies,*****^*  the  described  methodology  does  not  rule 
out  the  possibility  of  the  suggestive  Influence  of  any  biorhythm  knowledge  as 
an  influence  on  performance  or  performance  evaluations.  Other  studies  were 
limited  by  relatively  small  sample  sizes  (less  than  10)  or  sample  rates  (1  or 
2 samples/subject). *'****^®*****’‘**»***^**^^*^**^  Some  investigators  have 
biased  their  sample  population  (e.g.,  by  selecting  only  high  or  low  performance 
data,  or  testing  only  at  high  or  low  biorhythm  cycle  phasee*****’'**^'***^*®*' 
1632,20*19  yhicjj  would  tend  to  bias  results  in  favor  of  biorhythm  theory.  In 
other  studies,  the  investigator's  conclusions  are  subject  to  question.  For 
example,  Garnett*®*'  concludes  that  certain  mood  patterns  correlate  with  bio- 
rhythm cycles.  However,  in  this  study,  no  significant  differences  were  found 
for  behavioral  ratings,  or  between  groups  of  subjects  given  accurate  or  inaccu- 
rate biorhythm  cycle  information.  Hosier®®®®  used  a significance  criterion  of 
0.1  to  demonstrate  significant  relationships  between  performance  and  28  and 
33  day  biorhythm  cycles,  but  most  investigators  would  not  accept  the  0.1  level 
of  statistical  significance  as  a basis  for  the  demonstration  of  a significant 
deviation  from  chance  expectation. 


Nell®®®’’  and  Sink®**®  believe  there  is  evidence  from  their  data  for  a 
biorhythm  contribution  i.o  performance.  In  this  study,  one  of  only  two  (refs. 
1337  and  1755)  studies  to  utilize  time  series  analyses,  periods  approximating 
biorhythm  cycles  were  found.  The  deviation  of  these  periods  from  constant 
values  demanded  by  biorhythm  theory  was  explained  as  a masking  effect  due  to 
the  increased  effort  by  the  subjects.  A simpler  explanation,  not  requiring 
Justification  for  results  deviating  from  theory  expectations,  would  have  been 
that  these  periodicities  reflected  the  presence  of  low-frequency  biological 
oscillations.  Stated  controls  for  possible  circadian  influences  w^re  virtually 
absent  in  these  studies.  The  circadian  Influences  upon  performance  levels  are 
well  known. ®’^  If  one  assumes  that  timing  of  performance  measurements  is  ran- 
domly distributed  over  the  periods  of  data  collection  in  these  studies , then 
the  circadian  influence  would  likely  induce  noise  (higher  variability)  into 
the  biorhythm  cycle  phase-performance  level  correlations.  However,  if  there 
were  trends  in  the  timing  of  these  performance  tests  over  the  study  period, 
then  circadian  effects  could  create  low  frequency  artifacts  in  the  data,  pos- 
sibly resulting  in  misleading  significant  correlations.  These  studies  overall, 
except  for  those  involving  time  series  analysis,  contain  the  same  methodologi- 
cal weaknesses  as  the  studies  on  biorhythm-singular  evenc  relationships.  That 
is,  the  studies  are  biased  by  examining  performance  only  with  respect  to  the 
23,  28,  and  33  day  periods,  thereby  failing  to  examine  other  possibly  signifi- 
cant correlations  of  performance  with  nonbiorhythm  periodicities.  The  Nell 
and  Sink®®®^'®*®®  studies  clearly  reveal  the  presence  of  many  periodicities  in 
performance  (II,  11.5,  11.8,  14.8,  15,  16.25,  29,  and  30  day  periods)  which 
would  not  all  have  been  evident  in  the  other  studies. 


In  the  studies  of  Wolcott  et  al.,®®®^*^®*®  a certain  number  of  significant 
correlations  between  biorhythm  cycles  < nd  performance  were  expected,  due  to 
chance,  from  the  large  nundier  calculated.  Since  a wide  range  of  inf radian 
periodicities  was  previously  shown  to  be  present  in  performance  and 
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physiological  data*  it  la  not  unrsasonable  to  axpsct  that  any  longitudinal 
sample  of  psrfonnance  data  might  contain  nonbiorhythmlc  cycles  which  could 
yield  significant  correlations  with  the  biorhythm  cycles,  if  the  inf radian 
cycles  were  in  phase  with  the  presumed  biorhythm  cycles.  By  falling  to  analyze 
performance  levels  with  respect  to  a wide  range  of  inf radian  cycle  lengths, 
most  of  the  investigations  in  this  area  cannot  exclude  this  possibility.  The 
burden  of  proof  rests  upon  those  who  claim  evidence  in  suoport  of  biorhythm 
cycle  influences  upon  events  or  performance.  As  Frazier***  contends,  the 
burden  of  proof  rests  upon  those  who  clslm  the  existence  of  an  anomaly;  extra- 
ordinary proof  is  necessary  for  extraordinary  claims.  In  this  regard,  presen- 
tation of  evidence  in  support  of  a theory  baaed  upon  occult  numerology 
(Fliess*  version  of  the  biorhythm  theory)  is  indeed  an  extraordinary  claim. 

In  conclusion,  the  biorhythm  theory  analysis  of  relationships  with  singu- 
lar events  and  performance  reveals  serious  isethodological  problems  which 
greatly  compromise  the  claims  of  biorhythm  proponents.  These  inadequacies 
include  lack  of  circadian  controls  and  failure  to  examine  relationships  with 
periodicities  other  than  the  biorhythm  cycle  periods  in  nearly  all  studies. 

In  addition,  many  of  the  studies  in  support  of  biorhythm  theory  suffer  from 
inadequate  sampling,  inadequate  or  missing  critical  day  information,  incorrect 
calculation  of  observed  with  respect  to  expected  accident  frequencies,  inap- 
propriate statistics,  biased  sampling  procedures,  and  failure  to  generally 
publish  results  in  refereed  scientific  journals. 


G.  Neobiorhythm 

In  recent  tines,  biorhythm  theory  has  been  further  developed  and  modified 
(neobiorhythm)  by  biorhythm  proponents  which,  in  some  cases,  is  an  attempt  to 
reconcile  Flless*  original  theory  with  conflicting  scientific  evidence. 


Proponents  of  "neobiorhytlmt"  have  made  nusierous  claims  concerning  the 
mprovement  of  personal  and  occupational  functioning  with  application  of  bio- 
rnythm  scheduling  and  planning  of  various  activities.  These  claims  Include 
most  imoortantly,  reduction  of  aviation  and  industrial  accidents. ^*******^*®*** 
<«•,!• 01  However,  the  claims  of  the  neobiorhythm  proponents  have  recently 
come  under  extensive  criticism.  The  most  serious  deficiency  is  the  use  of 
selective,  ex  post  facto  anecdotal  accounts  in  support  of  biorhythm  theory.***' 
<c«, SC7, 1699 ,i«%7, 1900, 1971  fhcse  Selected  accounts  offer  "proof”  of  the  bio- 
rhythm theory  by  demonstrating  coincidence  between  particular  biorhythm  phases 
or  critical  days  and  athletic  performance,  suicide,  deaths,  and  accidents. 

These  anecdotal  reports  have  been  denounced  by  critics***’*** *****  as  contain- 
ing errors  in  the  calculation  of  biorhythm  cycles  which  then  negate  the  stated 
biorhythm-event  relationship.  Aside  from  this,  the  use  of  selected  anecdotal 
information  as  proof  for  a theory  is  not  good  science.  It  would  have  been 
much  more  convincing  if  the  anecdotal  reports  had  been  selected  randomly  from 
a large  population  of  events  or  if  the  theory  had  been  tested  against  future 
events.  Another  criticism  often  leveled  is  the  lack  of  docusientation  for  much 
of  the  evidence  and  claims  offered  by  biorhythm  proponents.  For  example,  it 
has  been  claimed,  with  respect  to  aviation,  that  in  some  airlines  the  copilot 
takes  over  from  the  pilot  on  the  pilot's  biorhythmically-adverse  days,**** 
that  Aeroflot  makes  up  pilot  schedules  according  to  biorhythmic  charts,*** 
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that  United  Alrli.nea  instituted  a biorhytlm  safety  prograa  which  helped  reduce 
accidents,***'^*”*  and  that  NASA  used  blorhytha  theory  to  ensure  optimum  astro- 
naut performance.****  There  Is,  however,  no  documented  evidence  supporting 
these  claims.  United  Airlines,  as  well  as  many  other  companies**^  have  denied 
the  claims.  Biorhythm  proponents  have  also  utilized  excessive  flexibility  In 
the  Interpretation  of  the  relationship  between  biorhythm  theory  and  events,  to 
the  extent  that  the  relationship  between  an  event  and  virtually  any  combination 
of  biorhythm  cycles  can  be  Justified.  For  exasq>le,  poor  performance  can  be 
related  to  physical  biorhythm  low  phase  or  critical  days,  or  even  high  phase, 
if  the  other  biorhythm  cycles  are  low  or  critical  (for  examples  see  refs.  666 
or  1847).  This  excessive  flexibility  In  interpretation  Is  abetted  by  the 
Inbuilt  vague  definition  of  physical,  esu>tlonal,  and  intellectual  performance, 
according  to  the  biorhythm  theory.  Although  Mersey***  studied  isood  states, 
which  one  would  expect  to  correspond  with  the  emotional  or  28  day  biorhythm, 
biorhythm  proponents  cited  this  study  as  evidence  for  the  33  day  Intellectual 
biorhythm.  This  was  justified  by  claiming  that  the  mood  evaluation  study 
Involved  an  Intellectual,  not  an  emotional  process.***  There  Is  virtually  no 
performance  task  that  does  not  Involve  a combination  of  physical,  emotional, 
and  Intellectual  processes  and  this  reality  allows  biorhythm  proponents  to 
Justify  blorhyttim-performance  correlations  with  any  of  the  three  blorhythss. 
Other  examples  of  Invented  rationalizations  to  cover  deviations  from  biorhythm 
theory  can  be  found  In  the  articles  by  Desnith***  and  Baint ridge. ^**  Many 
authors  appear  to  confuse  the  biorhythm  theory  with  emplrio*  biological  rhythm 
research.  They  do  so  by  referring  to  biorhythm  cycles  as  biological 
rhythms^^**  or  bv  dlscusslns  biorhythm  theory  and  biological  rhythm  research 
interchangeably, ***’*^* *^^**  as  if  biorhythm  theory  was  a category  of  biologi- 
cal rhythm  research,  which  It  clearly  Is  not  (given  the  gross  deviations  of 
biorhythm  theory  from  scientific  evidence  which  were  previously  discussed) . 

The  most  Important  claim  of  biorhythm  proponents  Is  that  aircraft^*'*** 
and  industrial*®*************'***  accidents  can  be  reduced  by  50%  or  more  by 
application  of  biorhythm  charting  safety  programs.  This  claim.  If  true,  has 
very  Important  Implications  for  pilot  performance  and  aviation  accident  reduc- 
tion. However,  all  of  the  accounts  connecting  reduced  accidents  with  bio- 
rhythm safety  practices  are  published  In  popular  books  and  articles  and  not  In 
scientific  publications  where  their  siethodology  would  be  available  for  criti- 
cal analysis.  All  of  these  studies  also  lack  experimental  controls  for  the 
possible  effect  of  suggestive  Influences,  resulting  from  biorhythm  Information 
and  safety  awareness,  upon  accident  levels.  The  power  of  suggestion  In  Its 
effect  upon  Interpretation  of  biorhythm  influences  Is  quite  reisarkable.  In 
two  reported  Instances'®^*'*'^  where  Individuals  were  given  biorhythm  theory 
and  biorhythm  phase  Information,  In  which  the  Information  was  purposefully 
Inaccurate  or  random,  over  45Z  reported  that  the  biorhythm  charts  accurately 
corresponded  to  their  day-to-day  lives.  Students  given  Inaccurate  critical 
day  Information  were  significantly  more  likely  to  designate  the  false  critical 
days  as  critical  days  in  their  lives  than  students  given  no  critical  day 
Information.  In  the  only  study  utilizing  a control  group  given  false  bio- 
rhythm Information,  In  a study  of  the  relationship  between  biorhythm  safety 
practice  and  accident  reduction,  accident  reductions  occurred  In  both  groups, 
given  either  true  or  false  critical  day  information.  Therefore,  the  claims 
that  biorhythm  safety  programs  produce  substantial  accident  reduction  are 
Invalid  since  this  evidence  shows  that  accident  reduction  can  be  attributed 
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•ol«ly  to  tho  offocts  of  IncrMsod  oafoty  aiiaronoos  and  auggaatibllity.  Sug- 
gastlva  Influancaa  nav  have  blaaad  tho  outcoaa  of  cortain  atudioa  supporting 
biorhythm  thsory. *^*»'** 


How  doss  ono  sxplaln  thi  groat  popularity  of  biorhythm  thoory  as  ovldoncod 
by  tho  oxtonalvo  prollforatlon  of  charting  oorvlcco,  oporto  prodlctlon  sor- 
vlcoot  calculator  wotchoo«  sUdo  ruloo  and  computora*  tho  ollogod  inotallmont 
of  biorhythm  oaf sty  programs  by  a nuttbor  of  companlos*  and  Its  advocacy  for 
aviation  oaf sty  and  laprovomant  of  porformanco  by  profosalonal  porsonnol?^**** 
istifiaoi  biorhythm  thoory  must  bo  conaldorod  In  light  of  the  ovldonco 
prosontod  hors  that  tho  thoory  Itoolf  Is  baood  upon  occult  numorology  and 
Invalid  mathomatlcfl*  that  studios  In  support  of  tho  thoory  mostly  rofloct 
Impropor  mothodology*  lack  of  documontatlon,  unaubsfontlatod  claims • calcula- 
tion orrorst  faulty  Intorprotatlon  of  rosultSt  and  that  tho  thoory  Is  contra- 
dlctsd  by  tho  ontlro  lltoraturo  on  Infradlan  biological  rhythm  roaoarch.  A 
Quotation  from  Fratlor**^  with  rospoct  to  tho  Borrrida  trlanglo  mystory  la  most 
approprlato.  "It  bogan  bocauac  of  caroloss  roaoarch  and  was  olaborstod  upon 
and  porpotratod  by  wrltors  who  olthor  purposefully  or  unknowningly  aado  use  of 
misconception,  faulty  roasonlng,  and  sensationalism.  It  was  ropoated  so  many 
times  chat  It  began  to  taka  on  tho  aura  of  truth."  The  numoro logical  thoory 
of  Flless,  although  heavily  criticised,  porslatod  In  a cult  of  proponents  in 
Gensany,  perhaps  duo  to  Flless*  association  with  Freud.  In  1973  the  thoory 
was  revived  by  Thommen,^*'*^  who  ooems  to  have  grossly  adsinterprotod  or  ods- 
read  Fliess*  work,  and  presented  the  theory  as  being  based  upon  empirical 
scientific  analysis.  Through  carelessness  or  unavailable  access  to  Fliess* 
original  publications,  the  theory  has  been  presented  in  an  unending  stream  of 
unanalytical  books  and  articles  which  Invariably  cite  ThomsMn's  version  of  tho 
theory  and  accept  it  as  truth.  Tho  power  of  suggestion  has  apparently  influ- 
enced some  invest Igations  of  the  relationship  between  biorhythm  cycles,  per- 
formance and  accidents  to  the  extenc  that  miscalculation,  misinterpretation 
of  results,  and  attempts  to  explain  results  of  a 0K>dlfied  biorhythm  theory  are 
common.  The  theory  itself  is  very  appealing  In  that  it  provides  an  order, 
rationale,  and  predictability  for  soow  of  tho  events  which  occur  In  human  Ufa 
and  provides  swans  for  school;:  Xing  htsnan  activities  for  the  Improvement  of  life 
and  the  reduction  of  untoward  events.  The  failure  of  scientific  Investigators 
to  get  involved  in  serious  studies  of  biorhythm  theory  on  the  basis  that  it  ia 
unworthy  of  study  and  the  vested  interest  of  biorhythm  proponents  in  the 
lucrative  biorhythm  publishing,  charting,  and  calculator  markets*^ have 
undoubtedly  contributed  to  the  theory's  perpetuation. 


The  perpetuation  of  belief  in  biorhythm  theory  has  sosw  detriswntal  con- 
sequences not  the  least  of  which  is  the  time  and  effort  required  to  investi- 
gate it.  With  respect  to  aviation  and  pilot  performance,  it  has  been  recom- 
Bwnded  that  pilots  be  given  biorhythm  safety  meetings,  be  provided  with  charts 
and  be  subject  to  biorhythm  work  scheduling.  ^ * It  has  also  been  suggested 
that  sortie  safety  evaluation  systesw  incorporate  biorhythm*’**  and  that  auto- 
genic training  be  used  on  adverse  biorhythm  days  to  overcosw  pilot  performance 
decrement.^***  There  are  dangers  in  thMe  recommendations  in  that  through  the 
power  of  suggestion,  pilots  may  be  reluctant  to  fly  on  critical  days.  Sugges- 
tion may  induce  a psychological  set  in  which  pilots  unconscious..y  adjust  their 
performance  capability  or  lower  their  performance  expectations  on 
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blorhyttakically  advars*  daya.  For  thia  raaaon*  tha  uaa  of  biorhyttan  charting 
by  airline  paraonnal  ahould  ba  diacouraged. 
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Vlll.  COMaUSlONS 


1.  Circadian  rhyttaalcity  of  perfoman^e  efficiency  haa  bean  well  eatab- 
liahed  with  peaka  occurring  during  the  daylight  houra  and  trougha  during  the 
early  noming  houra.  The  preciae  rhyttn  dependa  on  the  type  of  taak  being 
performed.  The  effect  of  aleep  loaa  on  performance  la  not  well  known  and 
further  work  la  warranted.  There  la  a need  for  more  integrative  inveatlgationa 
in  "reallatlc"  operational  envlronmenta  which  alaultaneoualy  atud>  psychologic 
cal  parameters  and  performance  aa  well  aa  physiological  functioning.  Only 
with  auch  studies  can  the  understanding  of  the  whole  organism  be  complete 
enough  to  fully  comprehend  its  limitations  and  capabilities.  Due  fo  the  mul- 
tiple environmental  factors  of  the  aviation  environment  it  may  Se  necessary  to 
perform  the  aforementioned  e..^criaenta  in  actual  flight  situations  (flight 
studies)  in  order  to  accurately  simulate  conditions  experienced  by  flight 
crews.  Simulation  studies  should  investigate  effects  of  conflicting  Zeitgeber 
shifts,  i.e.,  social  and  light-dark  cycle  shifts.  The  physiological  and/or 
psychological  definitirn'  of  fatigue  is  still  vague.  The  development  of  an 
accurate  measurement  of  "fatigue"  (which  usually  connotes  a performance 
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decrement)  In  the  operational  environment  should  be  pursued.  A method  to 
measure  those  aspects  of  pilot  (operator)  performance  necessary  for  optimal 
safety  should  also  be  developed  for  the  operational  environment. 

2.  Most  studies  of  pilot  performance  Investigate  the  effect  of  one  poten- 
tially debilitating  variable  at  a time*  e.g. • alcoholt  hypoxia,  dehydration, 
hypoglycemia,  sleep  loss,  sleep  reversal,  noise,  vibration,  or  drug  use.  Since 
there  have  been  few  attempts  to  study  factors  negatively  affecting  performance 
ocher  than  singly.  It  Is  not  possible  to  determine  whether  the  factors  Inter- 
act In  a synergistic  rather  than  an  additive  fashion.  Nutrition  and  steal  tim- 
ing may  play  a significant  role  In  pilot  performance,  particularly  when  consid- 
ered In  combination  with  other  potentially  debilitating  factors,  l.e.,  sleep- 
wake  cycle  alteration. 

3.  Internal  desynchronization  of  physiological  and  psychological  rhythms, 
one  relative  to  another,  can  occur  In  humans  following  sleep-wake  cycle  alter- 
ation as  may  result  when  crossing  time  zones.  This  in  Itself  has  not  been 
proven  conclusively  to  cause  performance  decrement  but  may  contribute  or  be 
inclrental  tc  this  decrement.  Further  study  in  this  area  Is  needed. 

^v.  There  Is  a large  body  of  recent  literature  dealing  with  the  Industrial 
shift-worker.  E\'aluatlon  of  the  psychological  and  physiological  respoxtses 
exhibited  by  shift-workers  (especially  chose  on  rotating  shifts)  can  give  tre- 
mendous Insight  into  the  body’s  response  to  sleep-wake  cycle  alteration  as 
occurs  in  cransmerldlan  air  travel  or  rotating  pilot  duty  schedules.  The 
industrial  situation,  however.  Is  not  strictly  applicable  to  flight  crews. 

The  fllgUt  crew  experiences  a multitude  of  other  potentially  debilitating 
environmental  factors.  In  addition,  the  shift-worker  may  be  exposed  to  con- 
flicting Zeltgebers  (In  humans  social  Interaction  is  an  important  Zeltgeber). 

5.  A large  percentage  of  workers  do  not  tolerate  shift-work  for  either 
health,  psychological,  or  social  reasons.  Much  evidence  supports  the  hypothe- 
sis that  shift-work,  especially  rotating  shift-work,  can  have  negative  health 
consequences.  The  conspicuous  lack  of  long  term  epidemiologic  studies  on  this 
subject  preclude  a definite  answer.  A serious  complication  to  Interpretation 
of  studies  on  health  consequences  of  shift-work  Is  the  possibility  that  many 
workers  "drop  out,"  thus  leaving  "survivors"  who  better  tolerate  shift-work. 
Flight  crews  that  fly  "rotatlng"-like  schedules  within  the  continental  United 
States  may  show  responses  similar  to  rotating  Industrial  workers.  There  Is  a 
need  for  long-term  studies  to  evaluate  health  consequences  of  rotating  sched- 
uling and  time  zone  travel  in  aircrews.  Problems,  however,  may  develop  In 
finding  an  appropriate  control  with  which  to  compare  the  flight  group. 

6.  Though  there  have  been  many  newspaper,  journal,  and  popular  articles 
elucidating  and  warning  of  the  hazards  of  sleep-wake  cycle  and  other  rhythmic 
desynchronization,  little  effort  has  been  made  to  initiate  a formal  training 
or  educational  program  for  flight  crews. 

7.  Chronotherapy  has  received  considerable  attention  In  this  decade. 

The  possibility  of  developing  techniques  to  modify  rhythms  or  speed  or  delay 
their  rephasal  iollowing  disruption  is  encouraging.  These  Include  drugs 
(chronobiotlcs) , manipulation  of  nutrition  and/or  meal  timing  or  a variety  of 
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other  techniques,  e.g. , inedltatlon,  electrosleep,  acupuncture,  autogenic 
training  and  biofeedback.  There  la  a need  for  a suitable,  safe,  short-acting 
hypnotic  which  can  be  prescribed  to  aircrews  on  transmerldlan  flight.  Turther 
research  Is  warranted. 

8.  The  need  for  anlnal  research  should  not  be  overlooked.  Flight  studies 
or  simulation  studies  with  humans  are  excellent  to  show  correlation  and  asso- 
ciations. Animal  models  are  best,  however,  for  the  elucidation  of  mechanisms 
especially  when  novel  drugs,  destructive  testing,  or  invasive  techniques  are 
dictated  by  the  experimental  design.  In  many  cases,  anlnal  studies  are  pref- 
erable for  long-term  rhythm  studies  which  require  multiple  sampling  and  Isola- 
tion under  strictly  controlled  conditions. 

9.  Quantitative  techniques  to  evaluate  rhythm  alterations  (e.g.,  rephasal 
times)  currently  exist  In  several  laboratories.  The  ability  to  determine  phase 
relationships  between  pairs  of  rhythms  also  exists.  Therefore,  It  Is  possible 
to  design  integrative  studies  involving  a number  of  variables  and  to  quanti- 
tate their  rhythmic  relationships. 

10.  There  is  no  scientific  basis  for  the  "biorhythm"  theory.  It  appears 
to  be  based  on  Invalid  mathematical  principles  and  has  been  supported  by 
studies  using  questionable  methodology.  A danger  of  the  theory  is  the  possi- 
bility that  it  can  Influence  a person's  (a  believer's)  actions  by  the  power  of 
suggestion.  The  theory  has  been  rejected  by  most  serious  scientists  Involved 
In  research  of  biological  rhythms. 
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acting  as  classic  Zeitgebers  and  that  mechanisms  other  than 
entrainment  of  an  oscillator  are  at  work. 


11. 

Adler,  A.,  and  Y.  Roll.  Proposal  for  a standard  shift  pattern  notation 
(abstract).  In:  International  Symp.  on  Night-  and  Shift-Work,  5th,  Rouen 

FR.,  1980,  p.  I-l.  ^ 
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12. 

Adum,  0.  Shiftwork  of  professional  drivers.  Int.  Chronoblol.  3:  8, 

The  working  hours  of  the  majority  of  professional  drivers  begin  at 
a different  time  each  day.  Consequently,  the  rhythm  of  working  and 
rest  periods,  as  well  as  that  of  taking  meals  Is  disturbed.  The 
regular  working  hours  of  these  workers  are  uninterrupted  by  the 
obligatory  breaks  which  workers  In  other  professions  have.  The 
overtime  work  of  drivers  on  routes  between  towns  and  an  International 
transport  Is  a constant  feature.  Bus  or  coach  drivers,  who  drive 
passengers  on  excursions  or  on  holiday,  often  travel  great  distances 
and  spend  nearly  fifteen  hours  a day  at  the  wheel.  During  the  annual 
holiday  season,  the  drivers  of  buses  and  lorries  on  routes  between 
towns,  work  over-time  every  day.  It  sometimes  happens,  that  they  are 
on  duty  for  more  than  thirty  days  at  a time. 

Night  work  Is  a part  of  the  working  schedule  of  professional 
drivers.  Many  of  them  are  on  duty  at  least  every  third  night.  Like 
other  workers,  drivers  find  It  difficult  to  work  In  the  hours 
following  midnight.  A group  of  drivers  was  Interviewed  on  their 
ability  to  stand  night  work. 

One  cannot  speak  of  any  regularity  In  the  sequence  of  working 
shifts.  Consequently,  they  are  never  able  to  entirely  adapt 
themselves  to  their  existing  working  hours. 


13. 

Agervold,  M.  Shiftwork  - a critical  review.  Scand.  J.  Psychol.  17;  181-188, 
1976.  


Research  concerning  the  social  psychological,  physiological, 
psychoneurotic,  and  psychosomatic  consequences  of  shiftwork  Is  revlwed 
with  main  emphasis  on  Scandlr.avlan  Investigations.  Most  reports  have 
found  that  shiftwork,  especially  working  In  three  shifts,  has  a large 
number  of  negative  social  and  sanitary  consequences.  The  empirical 
studies  and  the  theories  that  have  been  put  forward  to  explain  the 
results  are  shown  to  rest  on  a generally  monocausal  conception  of  the 
consequences  of  working  conditions.  The  possibilities  and  1fln>11cat1ons 
of  developing  a more  broadly  conceived  framework  for  Interpretation 
and  Investigation  of  these  Issues  are  discussed. 


14. 

Agnew,  H.  W.,  Jr.,  and  W.  B.  Webb.  Measurement  of  sleep  onset  by  £EG 
criteria.  Am.  J.  EEG.  Technol.  12:  127-134,  1972. 


15. 

Agnew,  H.  W.,  and  W.  B.  Webb.  The  Influence  of  time  course  variables  on  REM 
sleep.  Bull.  Psychon.  Soc.  2:  131-133,  1973. 

This  paper  studies  the  effect  of  age,  length  of  prior  wakefulness, 
length  of  sleep,  and  a circadian  Influence  on  REM  sleep.  Age  Is  a 
major  determinant  of  REM  amount  up  to  the  early  teens,  but  has  little 
effect  thereafter.  Length  of  prior  wakefulness  has  little  or  no 
effect  on  REM  amount,  with  longer  sleep  times  producing  greater 
amounts  of  this  type  of  sleep.  There  Is  a strong  circadian  effect  on 
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REH,  with  early  night  sleep  periods  producing  little  REM  and  early 
morning  periods  a relatively  great  amount  of  REM. 


16. 

Ahlgren,  A.  Biorhythms.  Int.  »^.  Chronoblol.  2:  107-109,  1974. 

This  article  Is  a critique  of  the  paper  of  Wallerstein  and  Roberts 
(Human  Behavior  2:  8-15,  1973)  who  advocated  use  of  the  FI less' 
biorhythm  method  to  predict  sports  performance,  claiming  the  method  Is 
scientifically  based.  The  author  Indicates  that  the  “scientific 
basis"  Includes  single  patients,  unrepllcated  studies,  and  wide  ranges 
In  period  length  which  violate  the  period  constancy  axiom  of  the 
b1or1\ythm  theory.  He  claims  that  flexible  arguments  are  Introduced  to 
connect  biorhythm  phases  to  performance  events  and  that  period 
Invariance  Is  very  unlikely,  given  the  Influences  of  development, 
disease  and  travel. 


17. 

Ahlgren.  A.  Laboratory  Investigation  of  "biorhythm"  (letter).  Aviat.  Space 
Environ.  M^.  48:  678,  1977. 

This  letter  criticizes  the  study  of  Nell  and  Sink  (Aviat.  Space 
Environ.  Med.,  p.  4235,  1976)  as  falling  to  report  time  of  day  for 
performance  testing,  citing  popular  rather  than  scientific  articles 
and  falling  to  distinguish  their  long-term  performance  rhythms 
sufficiently  from  those  predicted  by  biorhythm  theory.  Ahlgren 
insists  that  the  serious  study  of  biological  rhythms  should  be 
distinguished  from  the  "popular  biorhythm  fad"  to  avoid  harm  In  the 
progress  of  aviation  medicine,  (for  rebuttal  see  Nell  1977,  Aviat. 

Space  Environ.  Med.  48:  678). 


18. 

Ainsworth,  L.  L.,  and  H.  P.  Bishop.  The  effects  of  a 48-hour  period  of 
sustained  field  activity  on  tank  crew  performance.  Alexandra,  Va.:  Human 
Resources  Research  Organization,  Hum  RRO-TR-71-16,  1971,  103  pp. 

A 48-hour  field  experiment,  was  conducted  to  determine  the  effects 
of  sustained  activity  on  the  performance  of  tank  crews  In 
communication,  driving,  surveillance,  gunnery,  and  maintenance 
activities.  Only  moving  surveillance  and  some  driving  activities 
showed  statistically  significant  performance  deterioration  over  a 
48-per1od  of  work  without  sleep,  but  these  decrements  were  not 
considered  to  be  of  practical  significance.  The  experiment  showed 
that  the  diurnal  rhythm  of  the  subjects  did  not  affect  performance 
significantly.  The  research  Indicates  that  changes  In  unit 
organization  or  tactical  doctrine  are  not  necessary  to  accomplish 
continuous  operations.  The  results  of  the  experiment  support  the 
broad  conclusion  that  tank  crews  using  present  equipment  can  maintain 
operational  proficiency  during  48  hours  of  sustained  activity. 
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19 

Ainsworth.  L.  L.,  and  H.  P.  Bishop.  Effects  of  forty-eight  hours  of  sustained 
field  activity  on  tank-crew  performance.  In;  Proceedings  of  the  Annual 
Convention  of  the  American  Psychological  Association  (part  2)  7:  625-626. 


20. 

Ai rapetyants.  V.  A.  Comparative  physiological  evaluation  of  different  work 
schedules  of  operators  performing  monotonous  work*  Gig.  Tr.  Prof*  Zabol * 17; 
47-50.  1973* 


21. 

Akerstedt.  T.  Interindividual  differences  in  adjustment  to  shift  work.  Proc* 
^ongr.  Int.  Ergonomics  Assoc*.  6th.  Santa  Monica.  CA*:  The  Human  Factors 
35^ty7  > ppr  b 

320  3-shift  workers.  30  2-shift  workers  and  30  day  workers  filled 
out  a questionnaire  on  work  hours  and  well-being*  For  3-shift  workers 
highest  ratings  of  well-being  were  reported  for  the  afternoon  shift, 
followed  by  morning,  and  night  shifts.  Two-shift  workers  gave  ratings 
identical  to  those  of  the  3-shift  workers  on  correspondl ng  shifts. 
Multivariate  analysis  showed  that  neuroticism,  mental  demands  on  the 
job  and.  to  some  extent,  also  housing  standards  account  for  variance 
in  well-being  on  the  night  shift.  When  sleep  length  was  used  as  the 
dependent  variable  the  most  important  predictors  were  age  and 
experience  of  shift  work.  Finally,  it  was  found  that,  above  the  age  of 
45.  well-being  on  the  night  shift  decreased  with  increased  experience 
of  shift  work.  In  younger  age  groups  no  relations  of  this  kind  were 
found.  (Age  was  held  constant  in  all  analyses.)  It  was  suggested 
that  the  relations  found  may  indicate  the  existence  of  a process  of 
accumulation  of  costs  of  adjustment  starting  around  the  age  of  45. 


22. 

Akerstedt.  T.  Shift-work  and  health  - interdisciplinary  aspects.  In: 
Shift-work  and  Health,  edited  by  P.  G.  Rentes  and  R.  0.  Shephard.  Washington 
D.C.:  U.S*  Dept,  of  Health,  Education,  and  Welfare,  HEW  Publ*  No.  76-203, 
1976,  pp.  179-197. 

23. 

Akerstedt,  T.  Inversion  of  the  sleep  wakefulness  pattern:  effects  on 
circadian  variations  in  Dsychoohvslological  activation*  Ergonomics  20: 
459-474.  1977* 

Thirty-six  habitually  dayworking  railway  repairmen  were  exposed  to 
a 3 week  period  of  nightwork.  The  subjects  were  studied  with  respect 
to  circadian  rhythms  in  catecholamine  excretion.  bo<iy  temperature, 
subjective  alertness  and  mood.  For  half  the  group  the  measurements 
covered  one  24  h period  before  nightwork,  the  first  week  of  night 
work,  the  third  week  of  night  work,  and  the  first  week  after  return 
to  day  work.  For  the  other  half  measurements  were  made  during  the 
first  and  third  day  week  after  the  night  work.  During  day  work  weeks, 
all  variables  exhibited  pronounced  circadian  variation,  peaking  in  the 
early  afternoon,  with  the  exception  of  body  temperature  which  reached 
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Its  maximum  in  the  evening.  During  the  first  week  of  night  work  the 
day-oriented  pattern  of  adrenaline  excretion  persisted  but  V:e  mean 
24  h level  was  Increased  and  day  sleep  levels  were  very  high  By  the 
third  week  of  night  work  the  circadian  pattern  had  flattened  out  at  a 
very  low  mean  level.  For  noradrenaline  excretion  considerable 
adjustment  (comparable  to  and  Inversion)  to  night  work  was  seen  with 
high  night  values.  For  body  temperature,  selfrated  alertness  and  mood 
circadian  functions  flattened  out  during  night  work.  It  was  concluded 
that  all  variables  were  strongly  affected  by  the  exposure  to  night 
work  and  that  adrenaline  excretion  Indicated  a stress  response  of  the 
organism.  With  reference  to  other  studies  It  was  also  concluded  that 
adrenaline  excretion  Is  not  easily  phase-shifted  through  a three  week 
spell  on  night  work,  while  noradrenaline  In  contrast  appears  to  adjust 
very  rapidly. 


24. 

Akerstedt,  T.  Sleep  deprivation  and  memory  during  pre-  and  postdeprivation 

sleep.  Electroenceph.  Clin.  Neurophysiol . 43:  1977. 

12  Ss  were  exposed  to  64  hours  of  sleep  deprivation.  During  pre- 
and  postdeprivation  sleep  they  were  tested  on  a simple  memory  task. 

The  subjects  were  awakened  three  times  during  slow  wave  sleep.  The 
1st  time  4 playing  cards  were  presented  and  the  perception  of  the 
cards  was  acknowledged  by  the  subject  by  reading  out  aloud  the  color 
and  value  of  the  cards.  Approximately  one  hour  later  the  subject  was 
again  awakened  and  tested  for  his  retention  of  the  previous  awakening. 
Thereafter  a new  set  of  cards  was  presented.  This  procedure  was 
repeated  three  times  each  night  and  upon  awakening  the  subsequent 
morning.  Results  showed  that  memory  performance  on  post- deprivation 
night  being  highly  significant.  Also,  the  behavior  of  the  return  to 
sleep  was  very  rapid.  Memory  performance  Improved  over  awakenings 
during  post-deprivation  night.  Thus,  In  spite  of  the  control  for 
sleep  stage  the  sleep  deprivation  appears  to  have  caused  a 
behavioral 1y  'deeper'  sleep.  The  speed  of  return  to  sleep  during 
post-deprivation  night  suggests  that  one  explanation  of  the 
deterioration  of  memory  performance  may  be  that  the  subjects  did  not 
remain  awake  sufficiently  long  to  allow  the  laying  down  of  memory 
traces.  Noradrenaline  excretion  and  self-rated  stress  did  not 
exhibit  any  circadian  or  other  variation  over  time.  Adrenaline 
excretion,  oral  temperature,  and  fatigue  ratings  exhibited  a 
significant  covariation  over  time.  The  data  were  compared  with  those 
of  a group  of  male  subjects  studied  under  similar  conditions.  Males 
and  females  exhibited  almost  Identical  circadian  patterns,  the  only 
difference  being  that  the  males  were  characterized  by  Increasing 
trends  In  ratings  of  fatigue  and  stress  which  were  not  found  among  the 
females. 


25. 

Akerstedt,  T.  Altered  Sleep/Wake  Patterns  and  Circadian  Rhythms.  Acta 
Physiol.  Scand.,  Suppl.  469:  1-48,  1979. 
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SU  studies  on  sleep/wake  patterns  and  circadian  rlwthms  Mere 
carried  out.  In  summary:  (1)  Adrenaline  excretion*  seif*rated 

activation,  and  bo(<y  temperature  rhythms  persisted  during  sleep 
deprivation,  resisted  adjustment  to  rotating  shift  Mork,  but  adjusted 
rather  well  to  permanent  night  work.  Noradrenaline  adjusted  to  most 
schedules  and  lost  Its  rhythm  during  sleep  deprivation.  When  night 
sleep  was  reintroduced  the  noradrenaline  rhythm  reappeared  while  the 
existing  adrenaline  rhythm  was  accentuated.  (2)  Exposure  to  a 
performance  stressor  at  the  rough  raised  adrenaline  to  daytime  levels. 
An  equally  large  response  was  seen  at  the  peak.  (3)  Interindividual 
dey-to-dqy  consistency  of  3 and  24  hour  levels  was  high  for  both 
catecholamines.  Intraindividual  consistency  of  the  24-hour  pattern 
was  high  for  adrenaline  but  low  for  noradrenaline.  Cosine  estimates 
of  adrenaline  phase  showed  a considerable  Intrsindividual  consistency 
while  Interindividual  consistency  was  poor.  Noradrenaline  had  poor 
cosine  fit.  (4)  Sleep  deprivation  did  not  chango  catecholamine 
excretion  either  during  the  vigil  or  during  recovery  sleep.  (5)  It 
was  concluded  that  adrenaline  excretion,  rated  alertness,  and  body 
temperature  exhibited  self-sustained  circadian  rhythms  which  made 
adjustment  to  new  sleep/wake  patterns  very  difficult,  and  that  the 
noradrenaline  excretion  rhythm  depended  on  exogenous  factors* 


26. 

Akerstedt,  T.,  and  J.  E.  Froberg.  Work  hours  and  24  hr  temporal  patterns  In 
sympathetic-adrenal  medullary  activity  and  self-rated  activation.  Int.  £. 
Chronoblol.  3;  6,  1975. 

This  paper  reviews  four  recent  Investigations  concerning  the 
circadian  patterns  of  urinary  catecholamine  excretion  and  self-rated 
alertness  under  conditions  of  day  work,  continous  24  hour  work, 
experimental  night  work  and  three  shift  work.  Each  study  was 
carried  out  on  different  groups  with  74,  29,  17  and  42  subjects 
respectively.  The  results  showed  that  adrenaline  excretion  and 
self-rated  arousal  exhibited  circadian  rhythms  with  maxima  In  the 
early  to  late  afternoon.  These  rhythms  strongly  persisted  even  during 
continuous  around-the-clock  activity.  Also  during  shift  work  we  found 
the  original,  circadian  rhythm  persistent.  However,  the  experienced 
shl ft-workers  showed  tendencies  of  adaptation  In  that  night  values 
rose  significantly  during  the  night  shift.  These  values  did  not  rise 
to  the  values  expected  for  "perfect"  adaptation.  The  Implications 
were  discussed. 


27. 

Akerstedt,  T.,  and  J.  E.  Froberg.  Interindividual  differences  In  circadian 
patterns  of  catecholamine  excretion  boC|y  temperature  performance  and 
subjective  arousal.  Biol.  Psychol . 4:  277-292,  1976. 

Interindividual  differences  In  circadian  rhythms  of  urinary 
catecholamine  excretion,  performance,  self-ratings  of  arousal  and  oral 
temperature  were  studied  In  80  subjects  divided  into  three  groups  - 
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morn1ng-act1ve»  evenfng-acttve,  and  Intermediate.  Catecholamine 
excretion,  bo4y  temperature,  and  self-ratings  of  arousal  exhibited 
pronounced  circadian  variations.  Morning-active  subjects  exceeded 
other  groups  In  the  24  h level  of  adrenaline  excretion  but  crest 
phases  did  not  differ,  occurring  close  to  13.00  h.  No  differences 
between  groups  were  found  for  noradrenaline  excretion.  Crest  phases 
occurred  close  to  noon.  Self-rated  alertness  exhibited  a 
significantly  earlier  (14.12  h)  crest  phase  for  morning-active  than 
for  evening-active  subjects  (16.09  h).  The  performance  did  not  differ 
between  groups. 


28 

Akerstedt,  T. , and  J.  E.  Frobero.  Psychophvslologlcal  circadian  rhythms  In 
women  during  72  h of  sleep  deprivation*  Waking  and  Sleeping  1:  387-394,  1977. 

15  female  subjects  were  kept  continuously  active  for  15  h under 
well -control led  conditions  Isolated  from  the  environment. 

Physiological  and  psychological  variables  were  sampled  every  three 
hours.  Variation  over  time  was  Investigated  with  analysis  of  variance 
and  fitting  of  cosine  curves.  Adrenaline  excretion,  body  temperature 
and  self rated  alertness  exhibited  a very  pronounced  circadian  rhythm 
peaking  between  1200  h and  1600  h for  the  two  former  and  somewhat 
later  for  the  latter.  Also  shooting  accuracy  exhibited  a circadian 
rhythm  with  afternoon-evening  peak. 

29. 

Akerstedt,  T. , and  J.  E.  Froberg.  Persistence  of  circadian  rhythms  In 
phenomenological  and  physiological  arousal  under  conditions  of  continuous 
activity  without  sleep.  Ergonomics  21:  866,  1978. 

Persistence  In  circadian  arousal  rhythms  Is  presumed  to  be  one  of 
the  main  causes  of  the  disturbed  alertness  and  sleep  often  associated 
with  shift  work.  Thus  It  was  considered  Important  to  Identify  the 
properties  of  such  arousal  variables.  As  the  alternation  between 
sleep  and  wakefulness  nay  Interfere  with  the  Identification  of 
persistent  rhythms,  a condition  of  sleep  deprivation  was  suggested  as 
a suitable  experimental  setting  for  this  purpose. 

A series  of  studies  showed  that  under  conditions  of  constant 
activity  and  controlled  Intake  of  food  and  drink,  as  well  as  Isolation 
from  other  synchronisers,  pronounced  circadian  variations  In  body 
temperature,  self-rated  arousal,  and  the  excretion  of  both  adrenaline 
and  melatonin  persisted  over  a 75  h period;  whereas  the  circadian 
variation  of  nonadrenallne  excretion  disappeared.  It  was  also  shown 
that  the  application  of  a performance  stressor  during  the  rough  of  the 
adrenaline  rhy*-hm  completely  obliterated  this  rough,  while  sleep  at 
the  corresponding  time  enhanced  It.  Finally,  a close  temporal 
co-variation  was  observed  between  the  urinary  excretion  of  ruelatonln 
on  the  one  hand,  and  self-rated  fatigue  and  (Inverted)  rectal 
temperature  c the  other.  It  was  concluded  that.  In  addition  to  body 
temperature,  self-rated  arousal  and  urinary  excretion  of  adrenaline 
should  also  be  measured  In  research  on  shift  work,  and  that 
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observation  of  the  rhythm  of  melatonin  should  be  of  value  In  such 
studies. 


30. 

Akerstedt.  T.,  and  J.  E.  Froberg.  Sleep  and  stressor  exposure  In  relation  to 

circadian  rhythms  In  catecholamine  excretion.  Biol.  Psychol.  8:  69-80,  1979. 

Twelve  healthy  male  volunteers  spent  64  h of  continuous  waking 
under  strictly  controlled  environmental  conditions  (light,  food, 
drink,  activity)  In  Isolation  from  the  external  world.  Before  and 
after  the  vigil  the  subjects  slept  In  the  laboratory.  An  additional 
group  of  five  participated  only  during  day  time  and  spent  the 
Intervening  night  period  asleep  at  home.  Measurements  were  carried 
out  In  3 h Intervals  except  for  sleep  periods.  Shortly  before  the 
circadian  trough  and  peak  of  adrenaline  excretion  respectively,  the 
subjects  were  exposed  to  a performance  stressor.  Results  from  the 
vigil  showed  a very  pronounced  circadian  rhythm  for  adrenaline 
excretion  but  none  for  noradrenaline  excretion.  For  an  even  more 
pronounced  circadian  pattern.  For  noradrenaline,  night-time  sleep 
caused  a drop  In  excretion  giving  the  Impression  of  a circadian 
rhythm.  These  and  previous  results  led  to  the  conclusion  that  the 
excretion  of  adrenaline  exhibits  a self-sustained  rhythm  while  a 
rhythm  In  noradrenaline  excretion  is  found  only  when  caused  by 
external  synchronizers  such  as  sleep-wake  alternation.  No  difference 
In  magnitude  of  stress  response  between  peak  and  trough  was  observed 
for  ar\y  of  the  catecholamines.  Night-time  (trough)  exposure 
completely  obliterated  the  circadian  rhythm  of  adrenaline  excretion 
for  the  duration  of  the  exposure.  It  was  concluded  that  the  normal 
pronounced  night-time  trough  of  adrenaline  cannot  be  due  to 
unavailability  of  adrenaline  In  the  medulla.  With  respect  to  sleep 
deprivation,  no  effect  was  found  on  excretion  levels  during  waking, 
during  sleep,  or  In  response  to  the  stressor  as  deprivation 
progressed.  Finally,  there  was  also  found  to  be  a close  temporal 
covariation  between  adrenaline  excretion  and  both  rectal  temperature 
and  self-rated  fatigue  (neg.). 


31. 

Akerstedt,  T. , 0.  E.  Froberg,  Y.  Friberg,  and  L.  Wetterberg.  Melatonin 
excretion  body  temperature  and  subjective  arousal  during  64  hours  of  sleep 
deprivation.  Psychoneuroendocrinology  4;  219-226,  1980. 


32. 

Akerstedt,  T.,  and  M.  Gill  berg.  Sleep  disturbances  and  shift-work 
(abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work,  5th,  Rouen.  Fr..  1980. 

p.  III-l.  ”” 


33. 

Akerstedt,  T. , P.  Patkal,  and  K.  Oahlgren.  Field  studies  of  shiftwork:  II. 
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practical  Impcrtance  for  cosmonautics. 
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American  manned  and  unmanned  space  missions  are  summarized.  The  role 
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Proper  arrangement  of  work-rest  cycles  of  crewmembers  In 
long-duration  space  flight  Is  practically  Important  task  of  space 
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ergonomics,  a field  of  science  studylno  Kin's  Horic  capacity  and 
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be  achieved  through  their  highly  motivated  desire  only. 
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48. 

Andersen,  E.  J.  The  main  results  of  the  Danish  medico-psychosocial 
investigation  of  shiftworkers.  In:  Proceedings  of  the  XII  International 

Congress  on  Occupational  Health,  He! sinki,  1957,  "TTelsinki,  1958,  Vol.  3, 
pp.  135-13J. 


49. 

Andersen,  J.  E.  Treskiftsarbejde-en  social  medicinsk  undersogelse 
(Three-shift  work  - a sociomedical  study)*  Copenhagen:  Socialf- 
orskningsinstitute,  1970, 


50. 

Anderson,  R.  K.  Biorhythm  - man's  timing  mechanism.  Paper  presented  at  the 
35th  Annual  Eastern  Regional  Safety  Convention,  Greater  New  York  Safety 
Council,  1965. 


51. 

Anderson,  R.  K.  "Biorhythm"  - man's  timing  mechanism.  Park  Ridge,  111.: 
American  Society  of  Safety  Engineers,  1972. 

Almost  70%  of  300  industrial  accidents  occurred  on  biorhythm 
critical  diys. 


52. 

Anderson,  R.  K.  Biorhythm  - man's  timing  mechanism.  American  Society  of 
Safety  Engineers  Journal  18:  17-21,  1973. 

An  a>  iiysis  of  1000  industrial  accidents  showed  90%  occurring  on 
biorhythm  critical  days. 


53. 

Andlauer,  P.  Oifferentes  modal ites  du  travail  en  equipes  alternantes.  Arch. 
Mai.  Prof.  Med.  32:  393-395,  1973. 


79 


54. 

Andlauer,  P.,  J.  Carpentler,  and  P.  Cazamlan.  Ergonomie  du  Travafi  de  Nutt  et 
des  Horatres  Alternants  (Ergonomtcs  of  Might  Work  and  Rotating  Work 
Schedules).  Collection  Education  Permanente,  Paris:  Editions  Cujas,  1977. 


55. 

Andlauer,  P. , and  Metz,  B.  Le  travail  en  equipes  alternantes.  In: 

Physiologie  du  travail  - Ergonomie,  edited  by  J.  Scherrer, ( tome  II).  Paris: 
Masson,  196/,  pp7T77^81 . 

56. 

Andlauer,  P.,  A.  Reinberg,  L.  Fcurre,  W.  Battle,  and  G.  Duverneuil.  Amplitude 
of  the  oral  temperature  circadian  rhythm  and  the  tolerance  to  shift-work.  J. 
Physiol.  Paris  75:  507-512,  1979, 

57. 

Andlauer,  P. , A.  Reinberg,  L.  Fourre,  W.  Battel,  and  G.  Duverneuil. 
Relationship  between  the  oral  temperature  circadian  amplitude  and  the  clinical 
tolerance  to  shift-work.  Chronobiologia  6:  74,  1979. 

58. 

Andrews,  R.  V.  Experimental  Models  of  Behavioral-physiological  Interactions 
in  Social  Chronobiology.  In:  Chronobiol ogy,  edited  by  L.  E.  Schevinq,  F. 
Halberg,  and  J.  £.  Pauly.  Tokyol  Igaku  Snoin,  Ltd.,  1974,  pp,  576-81. 


59. 

Andrezheyuk,  N.  I.,  A.  A.  Veselova,  N.  N.  Gurovskiy,  B.  A.  Oushkov,  L.  R. 
Iseyev,  F.  P.  Kosmolinskiy,  M.  I.  Kozar,  Y.  M.  Krotuva,  and  G.  A.  Manovtsev. 
Effects  of  different  work  and  rest  routines  on  subjects  kept  in  relative 
isolation.  Aviakosmicheskaya  Meditsina  (Aerospace  Medicine),  euited  by 
V.  V.  Parin,  and  I.  N.  Khazen.  Moscow:  Noi,  1967,  pp.  52-63. 


60. 

Angiboust,  R.,  and  M.  Gouars.  Tentative  d'evaluation  de  I'efficacite 
operationelle  du  personnel  de  I'aeronautique  militaire  au  cours  de  veilles 
nocturnes.  In;  Aspects  of  Human  Efficiency:  Diurnal  Rhythm  and  Loss  of 
Sleep  (Proc.  of  a symposiun,  Strasbourg,  FR. , 1970.),  edited  by  W.  P, 
Cotquhoun. London:  English  Univ.  Press,  1972,  pp.  151-170. 


61. 

Angus,  R.  G.,  0.  G.  Pearce,  A.  G.  C.  Buguet,  and  L.  Olsen.  Vigilance 
performance  of  men  sleeping  under  Arctic  conditions.  Aviat.  Space  Environ. 
Med.  50:  692-696,  1979. 


62. 

Anonymous.  Biorhythm  theory  claims  ability  to  spot  accident-prone  periods. 
Aviation  Week  74:  101-102,  1961. 

Research  to  test  the  ability  of  the  biorhythm  theory  to  spot 
accident-prone  periods  is  commencing  at  the  Cornell  Univ.  Aviation 
Center  and  the  FAA  Bureau  of  Aviation  Medicine.  Scientists  indicate 


80 


that  the  method  has  produced  numerous  proponents  but  little  scientific 
data. 

63. 

Anonymous.  Aeromedical  aspects  of  troop  transport  and  combat  readiness. 
Neullly-sur-Selnel  IWTO,  Advisory  Group  for  Aerospace  Research  artd 
Development,  AGARD-CP-40,  1968. 

64. 

Anonymous.  What  happens  when  you  suppress  Immunity?  Amer.  Med.  Assoc. 

206:  1436-1437,  1968. 

This  article  refers  to  a study  by  J.  Alexander  at  the  Univ.  of 
Cincinnatti  College  of  Medicine,  who  found  cycles  In  neutrophil 
function  of  15-21  days  In  men,  and  24-32  d«ys  In  women.  If  this  Is  a 
valid  study.  It  provides  evidence  against  the  biorhythm  theory  by 
showing  a sexual  difference  In  period  length  of  a parameter  measured 
In  both  sexes. 

65. 

Anonymous.  Psychological  aspects.  Berkeley,  CA.;  Univ.  of  California,  1969, 
pp.  114-157. 

66. 

Anonymous.  Fatigue  in  the  context  of  flight  safety.  Flight  International 
100:  362-365,  1971. 

67. 

Anonymous.  Pan  Am  cares— tips  on  time.  Pan  American  World  Airways,  Inc., 

1971,  26  pp. 

68. 

Anonymous.  Are  there  strange  forces  In  our  lives?  Family  Safety,  summer 

1972,  pp.  15,  16,  23. 

69. 

Anonymous.  Circadian  rhythm  Inman  (editorial).  The  West  Virginia  Medical 
Journal  68:  351,  1972. 

70 

Anonymous.  Information  Services  For  Comparative  Analysis  of  Biorhythm 
Research.  Final  Reporl.  NaSa  Ames  Research  Center,  NA52-6Z16,  19/2,  206  pp. 

71. 

Anonymous.  Science  sheds  new  light  on  accident  proneness.  Occupational 
Hazards,  September,  1973. 

72. 

Anonymous.  Biorhythm  blues.  The  National  Observer,  Dec.  7,  1974. 


8l 


73.  Anonymous.  Medical  Hanobook  for  Pilots.  Washington*  D.  C.:  FAA,  1974, 
pp.  53-55. 


74. 

Anonymous.  Rapid  eye  movement  (REM)  sleep  deprivation,  stress  and 
intermediary  metabolism.  Neurochem.  22;  1157-1159,  1974. 


75. 

Anonymous.  Biorhythms  in  the  sky.  Science  Digest,  pp.  16-17,  1975. 

76. 

Anonymous.  Biorhythm  theory  laid  to  rest.  The  CocKpit,  pp.  16-17,  July  1977. 

This  review  mainly  cites  the  work  of  Wolcott,  et.  al.,  which 
negated  a role  for  the  biorhythm  theory  in  accident  frequencies. 


77. 

Anonymous.  Relative  a la  Surveillance  Medicale  des  Travailleurs  Postes 
(Concerning  the  medical  super vi  ion  of  shift  workers).  Bulletin  Officiel  du 
Ministere  du  Travail,  No.  5142,  1977,  6 pp. 
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This  volume  contains  the  proceedings  of  a conference  on  occupa- 
tional stress,  a subject  of  increasing  concern.  The  psychological 
causes  and  problems  of  occupational  stress  are  examined;  situations 
leading  to  feelings  of  insecurity  and  inadequacy  along  with  role 
incongruity  are  seen  as  stress  producers.  Recent  NIOSK  psychological 
stress  research  is  reviewed.  These  studies  include  stress-related 
disease  and  mental  health  incidence  rates  by  occupation,  mass 
psychogenic  contagion  reaction  in  industry  and  the  relationship  of 
machine  pacing  and  stress.  A study  of  the  health  consequences  of 
shiftwork  found  no  evidence  that  shiftworkers  suffered  from  severe 
health  problems,  however,  shift  work  might  be  related  to  decreased 
psychological  well-being.  The  personality  profile  of  individuals 
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reduction,  is  described  and  discussed.  The  preceding  presentations 
are  reviewed  and  implications  for  further  study  and  action  are  set 
forth.  Stressors  specific  to  the  individual  work  situation  should  be 
identified;  the  interaction  between  Job-stressors  and  other 
life-stressors  must  be  considered,  particularly  for  working  women. 
Physiciar**  must  be  sensitized  to  signs  of  stress;  and  managers  must  be 
made  aware  of  their  intact  on  the  feelings  of  employees. 
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The  exp^lmental  regime  of  "migrating"  hours,  when  every  day  the 
circadian  rhythm  was  shifted  by  1/2  hour,  as  was  tried  aboard  Salyut- 
on  Kolmuk  and  Sevast'yanov,  proved  to  be  an  obstacle  In  the  normal 
performance  of  the  two  cosmonauts;  Sevast'yanov  says  this  regimen  was 
a real  scourge  during  their  mission.  The  regimen  was  also  tried 
experimentally  for  30  and  50  days  on  earth,  aboard  a Salyut  mockup, 
but  without  success.  Desynchronization  of  the  circadian  rhythm  was  an 
Inherent  component  of  stress  states  observed  In  test  subjects. 

Grechko,  who  had  been  subjected  to  adverse  effects  of 
desynchronization  and  "migrating"  hours  during  his  flight  aboard 
Salyut-4  In  1975,  {raised  the  advantages  of  the  normal  circadian 
rhythm  regimen  Introduced  on  Salyut-6. 
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Is  the  most  obvious  cause  of  pilot  fatigue  but  sleep  Is  a complex 
subject  that  scientists  are  only  beginning  to  understand. 

Considerable  research  has  established  a clear  need  for  both  types  of 
sleep,  deep  sleep  and  REM  sleep.  Another  factor  to  consider  Is 
hypoglycemia  or  low  blood  sugar,  which  can  cause  malaise,  fatigue, 
disorientation,  and  even  lapse  of  consciousness.  Dietary  practices 
win  prevent  reactive  hypoglycemia.  Caffeine  toxicity  which  can  cause 
poor  sleeping,  nervousness,  headaches,  and  lethargy  should  also  be 
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up  to  32  different  Items  each  day  for  three  months.  Each  S was  asked 
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accidents  with  respect  to  biorhythm  critical  days.  The  findings  are 
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This  article  reports  that  5000  taxi  drivers  In  Leningrad  have 
been  working  shifts  based  on  their  biorhythm  cycle  charts.  It  Is 
claimed  that  2/3  of  traffic  accidents  occur  on  accident  prone  dio^s. 

I Aeroflot,  the  Soviet  airline,  1$  also  said  to  be  making  up  some  pilot 

schedules  after  consulting  the  biorhythm  people.  However,  an 
American,  Or.  Charles  F.  Ehret  of  Argonne  National  Labs,  claims  that 
i biorhythm  Is  a complete  fraud. 
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About  2248  e.d.t. , on  June  17,  1979,  Air  New  England,  Inc.,  Flight 
248  crashed  Into  a heavily  wooded  area  about  1.5  nml  northeast  of 
Barnstable  Municipal  Airport,  Hyannis,  Massachusetts.  The  crash 
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Instrument  meteorological  conditions.  Of  the  eight  passengers  and  a 
crew  of  two  aboard,  the  captain  was  killed,  the  first  officer  and  six 
passengers  were  Injured  seriously,  and  two  passengers  received  minor 
I Injuries.  The  aircraft  was  destroyed.  The  National  Transportation 

Safety  Board  determines  that  the  probable  cause  of  the  accident  was 
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the  reason  for  the  failure  to  recognize  and  react  to  the  gross 
deviation.  It  Is  believed  that  the  degraded  physiological  condition  of 
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timely  manner. 
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not  only  with  regard  to  their  methodology,  but  also  with  respect  to 
kinds  of  Information,  which.  It  Is  suggested,  should  be  seen  as 
compl Imentary  to  each  other.  It  Is  proposed  that  the  degree  of 
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The  circadian  system  Is  one  of  the  frame-works  for  temporal  order 
within  the  organism.  It  consists  of  a multiplicity  of  rhythms  which 
have  been  described  In  morphological  structures  as  well  as  In 
physiological  and  psychological  functions,  and  It  Is  characterized  by 
specific  phase-relationships  between  and  specific  amplitudes  of  these 
rhythms.  The  circadian  system  Is  further  characterized  by  Its 
capacity  to  oscillate  In  the  absence  of  periodic  factors  In  the 
environment.  Under  those  conditions,  the  system  behaves  like  a self- 
sustained  oscillator,  'free-running'  with  Its  own  frequency  which 
usually  deviates  slightly  from  that  of  the  earth's  rotation.  This 
self-  sustained  oscillator  can  be,  and  noacally  Is,  entrained  by 
different  types  of  periodic  Inputs  from  the  environment,  the 
synchronizing  Zeitgeber. 
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The  article  reviews  nost  of  the  data  available  on  the  period  (tau) 
of  freerunnino  circadian  rhythm,  measured  In  constant  condition*. 
Emphasis  Is  placed  on  the  effects  of  light  Intensity  «nd  ambient 
temperature  on  (tau),  with  references  to  Influences  of  other  external 
as  well  as  Internal  factors.  In  the  Introduction,  examples  are  given 
of  spontaneous  and  Induced  variations  In  (tau)  and  Its  dependence  on 
the  experimental  history.  The  discussion  conctntrates  largely  on 
results  obtained  from  arthropods  and  vertebrates. 
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Rectal  temperature  has  been  recorded  continuously  In  6 male 
subjects  In  groups  of  two  on  a rigorous  time-schedule  with  7 h sleep 
In  an  Isolation  chamber,  first  for  8 days  In  a 16:8-h  V.'ght-dark  cycle 
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darkness,  (3)  non Interrupted  versus  Interrupted  sleep,  and  (4)  sleep 
deprivation  on  circadian  rhythms  In  human  performance.  Results  are 
given  graphically  and  discussed.  Free  running  circadian  rhythms  have 
also  been  studied. 


137. 

Aschoff,  J.,  K.  Hoffman,  H.,  Pohl,  and  R.  Wever.  Re-entrainment  of  circadian 
rhythms  after  phase-shifts  of  the  Zeitgeber.  Chronoblologla  2:  23-78,  1975. 
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Aschcff,  J.  and  J*  Meyer-Lohmann.  Ole  A>,t1v1tatsper1od1k  ven  Nagern  1m 
kunstllchen  24-Stunden-Tag  mit  6-20  Stunden  Lichtzelt.  1*  verol.  Physiol.  37: 
107-117,  1955. 
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Aschoff,  «).,  and  H.  Pohl.  Phase  relations  between  a circadian  rhythm  and  Its 
Zeitgeber  within  the  range  of  entrainment.  Naturwl ssenschaften  65:  80-84} 
1978.  
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Aschoff,  J.  and  U.  V.  Saint  Paul.  Survival  of  the  blowfly  (Phormla 
terraenovae  Rd.)  as  a function  of  11gh;inq  conditions.  Pflugers  Arch.  377: 
K26,  1978. 
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Aschoff,  J.,  U.  V.  St.  Paul,  and  R.  Wever.  Die  Lebensdei>t*'  vcn  Fllegen  unter 
demEInfluss  von  Zelt-Verschlebungen.  Naturwl ss.  58:  574,  i<>71. 
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Aschoff,  J.,  and  R.  Wever.  Human  circadian  rhythms:  a multlosclllctory 
system.  Fed.  Proc.  35:  2326-2332,  1976. 
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Ashkenazi,  I.  E.,  N.  Amite,  A.  Ootan,  and  L.  Pel  eg.  Induction  of  phase-shifts 
by  external  and  Internal  synchronizers:  relevance  to  chronotherapy 
(abstract).  In:  Int.  Sywp.  on  Wight-  and  Shift-work.  5th,  Rouen,  FR.,  1980, 
p.  II-l. 
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Ashley,  R.  Out  of  sync.  Cosmopolitan  187:  54,  190,  1979. 
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N.  Shukhlan.  Circadian  r^ythas  of  electrolyte  excretion  In  hypertensive 
patients  and  healthy  subjects.  Chronoblologla  5:  251-262,  19/8. 

146. 

Athanassenas,  G. , and  C.  L.  Wolters.  Sleep  after  transaerldlan  flights 
(abstract).  In:  Int.  Synp.  on  Nl^t-  and  Shift-work.  5th,  Rouen  FR.,  1980, 
p.  III-2.  

147. 

Atkinson,  M.,  D.  F.  Kripke,  and  S.  R.  Wolf.  Autorhythmometry  In  manic 
depressives.  Chronoblologla  2:  325-335,  1975. 

148. 

Auffret,  R.  Physiological  Changes  During  Operational  Flights  of  Long 
Duration.  Neuilly-sur-Seine:  NATO,  Advisory  Group  for  Aerospace  and  Research 
Development,  AGARD-CP-101,  1972,  pp.  9-1  - 9-12. 

149. 

Ault,  M.,  and  K.  Kinkade.  Biorhythm  analysis  of  single  car  fatalities. 

Joplin,  Mo.:  Missouri  Southern  State  college,  1973. 

Of  100  auto  accidents,  46t  occurred  on  a critical  day,  57% 
occurred  on  critical  and  adjacent  days.  More  than  half  of  the 
fatalities  occured  on  the  emotionally  critical  day.  It  should  be 
noted  that  biorhythm  critical  plus  adjacent  days  constitute  over  50t 
of  all  days. 


150. 

Austin,  W.  P.,  and  C.  Cameron.  Aircrew  fatigue  In  International  jet-transport 
operations.  Dept,  of  Supply.  Aust.  Defense  Scientific  service.  Aero.  Research 
Laos.  i?ov. 

151. 

Avery,  o.  L.  The  relationship  of  light-dark  reversal  transients  and  free- 
running  rhythms.  Int.  J^.  Chronoblol.  2:  223-232,  1974. 

The  transient  periods  observed  In  rats  following  a reversal  of  the 
light-dark  (LD)  regimen  were  found  to  correlate  highly  with  the  free- 
running  period  observed  In  continuous  light  of  the  Intensity  used  In 
the  LD  entrainment.  Such  a relationship  was  not  found  between  LD 
reversal  transient  periods  and  periods  observed  In  continuous  dark  or 
dim  red  light.  The  above  correlations  were  observed  for  activity, 
feeding,  and  drinking  circadian  rhythms.  These  findings  support  the 
theory  that  the  non-24-h  periods  often  reported  for  rats  In  continuous 
light  are  the  result  of  continuous  phase  resettlno  of  a near-24-h 
underlying  rhythm  by  the  abnormal  lighting  schedule. 
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Baark.  H.  Zeltllch  Richtige  Elnnahne  von  Nedfkamenten  bel  Interfconttnentalen 
Flugen  (Tenporally  correct  adulnlstratlon  of  Dedication  for  Intercontinental 
flights).  Proceedings  of  the  XXI  International  Congress  of  Aviation  and  Space 
Medicine,  Nun Icn,  preprints,  pp.  zzv-2iU. 

The  problcD  of  drug  administration  In  relation  to  the  changing  of 
activity  with  respect  to  circadian  rhythm  phase  1$  discussed.  The 
author  provides  Instructions  for  the  administration  of  drugs  for 
diabetics  and  also  for  birth  control  pills.  A table  Is  provided  for 
dally  post  flight  administration  of  Insulin,  birth  control  pills  and 
anticoagulants. 
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Baevskll,  R.  N.  The  problem  of  forecasting  the  condition  of  man  under  space 
night  conditions.  FI2I0I.  Zh.  ^ 58:  819-627,  1972. 
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Baevskll,  R.  M.,  6.  A.  Berezina,  B.  A.  Oushkov,  F.  P.  Kosmollnskly,  V.  I. 
Kudryavtseva,  T.  0.  Semenova,  and  S.  A.  Cherpyayeva.  Investigation  of 
performance  of  a man-operator  during  64-hour  sleep  deprivation.  Kosm.  Biol . 
Med.  3(3):  53-61,  1969. 

The  purpose  of  this  study  was  to  determine  the  effects  of  64-hour 
continuous  work  on  the  performance  level  of  a man-operator  could 
perform  at  a sufficiently  high  level  by  receiving  Information 
transmitted  as  a digital,  sound  or  tactile  code  . Under  these 
circumstances  the  performance  level  depended  on  the  motivation  and 
Interest  of  the  test  subject.  Despite  good  performance,  the  overall 
health  of  the  test  subjects  steadily  deteriorated  during  the  course  of 
the  64-hour  experiment.  This  was  Indicated  by  chanms  In  the  function 
of  the  central  nervous  and  muscular  systems  and  variations  In 
biochemical  Indices.  The  64-hour  sleep  deprivation  and  strenuous  work 
resulted  In  serious  disorders  of  the  adaptation  potentials  of  the  body 
and  this.  In  part,  led  to  shifts  In  circadian  rhythms  of  certain 
parameters. 
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perlodikl  fizlologicheskikh  funktsll  dlya  otsenki  sostoyanlya  regulyatornykh 
sistem  organizma  pri  ekstremal 'nykh  vozdelst  vozdelstviyakh  (Circadian  rhythms 
of  physiological  functions  as  Indicators  of  the  state  of  the  organism's 
regulatory  systems  under  extreme  conditions).  Fizlol.  Chel.  3:  387-392, 


This  paper  reports  the  results  of  an  experiment  to  establish 
criteria  for  distinguishing  stress  and  over-stress  to  environmental 
factors.  The  circadian  rhythms  of  the  organism's  physiological 
functions  reflect  various  stages  of  adaptation  to  changes  In 
environmental  conditions.  Fairly  simple  methods  for  evaluating  this 
environmental  adaptation  are  developed  by  analysis  of  the  experimental 
data  obtained.  This  work  Is  a step  towards  the  goal  of  simply  and 
constantly  monitoring  the  condition  of  astronauts  and 
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others  Mho  must  stity  In  confined.  Inadequate  environments  for  long 
periods  of  time. 
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Baler,  H.,  and  Ch.  Rompel-Purckhauer.  Tagesr^ythmlsche  Varlatlonen  der 

Krelslauf-  i>nd  Themioregulatlon  und  der  Tralnlerbaricelt.  Sportmedizin. 

11:  323-3x8,  1978. 

157. 

Bainbridge,  W.  Biorhythms:  evaluating  a pseudoscience.  The  Skeptical 

Inquirer  2:  40-56,  1978. 

This  article  combines  a critical  review  of  the  biorhythm  theo|^ 
and  some  of  the  authors'  own  Investigations.  He  cites  examples  of 
biorhythm  charting  services  which  were  Initiated  for  profit  motives 
and  which  have  not  Investigated  the  valldIV  of  the  theory*  In  a 
class  experiment,  students  were  given  random  biorhythm  phase 
Information  and  asked  to  Indicate  on  a questionnaire  If  the  birohythm 
phase  corresponded  to  their  self-evaluation  for  the  day*  451  of  108 
students  indicated  that  the  false  Information  corresponded  to  their 
own  self  evaluation,  which  Indicated  the  strong  Influence  of 
suggestibility*  Next  the  performances  of  243  golf  performances  by 
Arnold  Palmer,  229  golf  performances  of  women  golfers,  143  golf 
performances  of  men,  and  95  no-hit  baseball  pitching  performances  were 
evaluated  with  respect  to  biorhythm  high  phases.  No  significant 
relationship  between  performance  and  biornythm  high  phases  was 
demonstrated  In  any  of  these  cases.  Significant  deviation  from 
expected  frequencies  by  Arnold  Palmer  with  respect  to  23  and  28  day 
cycles  was  found  to  reflect  Invalid  statistical  assumptions:  a)  that 
sequential  performance  events  are  Independent  of  each  other,  and  b) 
events  associated  with  the  28  day  biorhythm  may  be  biased  due  to 
weekly  acitivlty  cycles,  since  the  phases  of  the  28  day  biorhythm 
occur  on  the  same  day  every  other  week  from  the  time  of  birth.  The 
author  then  Investigated  death  dates  for  274  baseball  pitches,  the 
relationship  between  dates  of  birth  for  first  children  and  biorhythm 
critical  days  for  the  mother,  the  performance  of  105  students  on  2 
multiple-choice  tests  held  16  days  apart  with  respect  to  Intellectual 
biorhythm  phase,  and  the  correlation  between  sexual  Indentity  And 
biorhythm  phase  at  the  time  of  conception  for  100  men  and  100  women. 

No  significant  deviations  from  chance  frequencies  or  correlations  with 
biorhythm  phases  were  found.  The  author,  perhaps  more  carefully  then 
other  Investigators,  has  evaluated  his  statistical  assumptions  on  the 
basis  of  the  sample  population  with  which  he  Is  dealing.  However, 
more  Information  could  have  been  supplied  on  statistical  methods  and  a 
critical  day  definition. 
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Bakach,  T.  Ecology  of  rest.  Gig.  Sanit.  (USSR)  2:  73-76,  1973. 

159. 

Baker,  T.  L.,  and  D.  J.  NcGInty.  Blind  man  living  In  normal  society  has 
circadian  rhythms  of  24.9  hours.  Science  198:  421-423,  1977. 
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A psychologically  nonMl  blind  aan,  living  and  working  In  nomal 
society,  suffered  fron  a severe  cyclic  sleep-wake  disorder. 
Investigations  showed  that  he  had  circadian  rhythms  of  body 
temperature,  alertness,  performance,  cortisol  secretion,  and  urinary 
electrolyte  excretion  which  were  desynchronized  from  the  24-hour 
societal  schedule.  These  rhythms  all  had  periods  which  were  longer 
than  24  hours  and  Indistinguishable  from  the  period  of  the  lunar  day* 


160. 

Balagura,  S.,  L.  E.  Harrell,  and  E.  Roy.  Effect  of  the  light-dark  cycle  on 
neuroendocrine  and  behavioral  responses  to  scheduled  feeding.  Physiol. 
Behav.  15:  245-247.  1975. 

Rats,  nocturnal  animals,  adapt  both  behavl orally  and 
physiologically  to  a restricted  feeding  schedule.  Such  adaptations 
occur  faster  and  more  efficiently  during  the  dark  purtlor  of  a 
light-dark  cycle  as  Indicated  by  measurements  of  latency  to  eat, 
amount  of  food  consumed,  body  weight,  and  Insulin  levels. 


161. 

Baranov,  V.  M.  Diurnal  changes  In  human  gas  exchange  Indices.  Kosm.  Biol. 

Med.  6(1):  55-58.  1972. 

A study  was  made  to  determine  gas  exchange  and  metabolic  rates  of 
test  subjects  confined  In  a small  chamber.  This  was  the  first 
Investigation  conducted  under  conditions  of  normal  and  Inverted 
day -night  schedules.  The  purpose  of  the  study  was  to  determine  the 
absolute  gas  exchange  and  metabolic  rate  at  different  time  Intervals, 
as  well  as  to  establish  the  duration  of  human  adaptation  to  a 
displaced  (by  12  hours)  dey-night  schedule. 


162. 

Barbashova,  Z.  I.  Cycle  research  on  man  In  the  USSR  by  the  participants  of 
the  International  Biological  Program.  J.  Interdlscipl.  Cycle.  Res.  3: 
197-205,  1972. 

The  shifts  In  the  dally  cycles  and  the  coefficient  of  correlation 
of  different  physiological  functions,  at  different  periods  of  the  day. 
can  be  utilized  for  establishing  the  extent  of  hardness  and  stress  In 
different  typ«s  of  labor.  It  Is  of  great  Importance  of  course  In  the 
process  of  establishing  optimum  labor  conditions. 


163. 

Barber,  J.  L.  Remarks  on  research  requirements  for  continuous  operations. 
Conf.  Military  Requirements  for  Research  on  Continuous  Operations  (Human 
Engineering  Labs),  Lubbock,  TX,  1971,  pp.  1-7. 

164. 

Barclqy,  D.  Charts  predict  future?  The  Atlaova  Journal,  p.  8-E,  Oct.  29. 
1975. 
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165. 

Bare.  J,  K.  Hunger,  deprivation,  and  the  day«n1ght  cycle.  J.  Con.  Physiol . 

Psychol.  52;  129-131,  1959. 

Six  groups  of  white  rats  were  taught  to  secure  their  food  by 
perfornring  a lever-pressing  response,  and  were  then  subjected  to  a 
single  deprivation  of  2,  4.  8,  12,  18.  or  24  hrs.  The  deprivation  was 
begun  at  7 P.  N.  and  was  accoiipllshed  by  remvlng  the  lever  fron  the 
apparatus.  Subsequent  24-hr.  Measures  of  food  Intake  reveal  that  the 
nonial  cyclic  differences  In  rate  of  Intake  are  clearly  apparent  In 
the  behavior  following  deprivation,  and  my  counteract  the  expected 
Increase  In  Intake  nonaally  produced  by  deprivation. 


166. 

Barhad,  8..  and  M.  Pafnote.  Contributions  a Tetude  du  travail  en  equipes 
altemantes  (Contributions  to  work  study  In  shift-work),  le  Travail  HuMaIn 
33;  1-19,  1979. 

Studies  on  shift  work  adaptation  In  connection  with  the  rotating 
shift  systew  and  the  characteristics  of  work  are  presented;  frequent 
rotation  of  work-shifts,  every  two  days  (2-2-2  systew).  In  control 
board  operators  of  thermopower  stations;  weekly  rotations  with  three 
dqys  of  rest  at  the  end  of  the  working  day  cycle  (6-6-6  system)  In 
operators  of  an  oil  refinery;  weekly  turning  of  shifts  with  Sunday 
rest  In  forgers  (medium  Intensity  of  physical  effort)  and  In  workers 
of  a precision  tool  room  (perceptual  tasks);  In  miners  (hard  physical 
effort)  and  In  operators  of  tire  assembling  machines  (perceptual  and 
physical  strain).  Investigations  on  reaction  time,  optic  rheobase. 
tests  of  attention,  pulse  rate,  energy  exchange  during  work  and  rest 
as  well  as  social  and  opinion  Inquiry  showed  the  characteristics  of 
physiological  responses  (hiring  the  work  In  the  three  shifts  (morning, 
afternoon  and  night  shifts)  as  well  as  adaptation  features  to 
different  Intervals  of  changing  the  shifts.  The  typo  of  activity,  the 
level  of  physiological  strain  and  the  social  factors  seem  to  have  a 
more  pronounced  Influence  on  adaptation  to  shift  work  than  the  actual 
rotating  schedule. 


167. 

Barnes,  J.  Everybody's  got  biorhythm.  Sunday  Magazine,  pp  2-7,  May  20, 

1973.  

168. 

Barrett.  T.  R. . and  B.  R.  Ekstrand.  Effect  of  sleep  on  memory;  III. 

Controlling  for  t1me-of-day  effects.  £.  Exp,  Psychol « 96;  321-327,  1972. 

Compared  retention  of  a paired-associate  list  In  3 groups  of  10 
undergraduates  each  who  all  learned  and  recalled  at  the  same  time  of 
day  (the  retention  Interval  was  always  defined  from  2:50-6;50  a.  m.)« 

1 group  was  awake  during  the  Interval,  1 group  experienced  sleep 
characterized  by  high  amounts  of  Stage  IV  sleep  and  low  amounts  of  REM 
sleep,  and  the  3rd  group  experienced  sleep  characterized  by  low 
amounts  of  Stage  IV  and  high  amounts  of  REM.  Results  demonstrate  that 
memory  over  a sleep  Interval  was  superior  to  memory  over  a waking 
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Interval.  Of  the  2 sleep  Intervals,  retention  over  the  high  REM  ^leep 
Interval  Mas  Inferior  to  retention  over  the  high  Stage  IV  Interval. 
These  2 effects  cannot  be  explained  as  artifacts  of  a circadian  rhythm 
effect  on  memory.  Implications  of  the  results  for  understanding  the 
effects  of  sleep  on  memory  ore  discussed. 


169. 

Bartel.  P.  C.  Biorhythm:  Discovering  Your  Natural  Ups  and  Downs.  New  York: 
Watts,  1978,  7/  pp. 

The  author  summarizes  the  history  of  blorhythmlc  research  and  Its 
current  applications  In  Industry*  technology,  and  various  service 
occupations.  She  clearly  explains  the  emotional,  physical  and 
Intellectual  cycles  that  comprise  blorhythmlc  theory  In  light  of  data 
collected  since  1897.  Unfortunately,  the  coverage  Is  heavily 
statistical  and  not  tailored  to  Its  audience,  though  the  Inclusion  of 
curious  facts  (e.  g.,  following  the  "tempo  of  the  seasonal  changes  - 
children  grow  rapidly  In  the  spring").  Instructions  on  how  to  do 
biorhythm  charts,  blorhythmlc  obituaries,  and  advice  on  how  to  behave 
to  avoid  conflict  or  accident  on  "critical"  and  "minus"  days  add  some 
narrative  appeal. 


170. 

Bartter,  F.  C.  Periodicity  and  medicine.  In:  Chronoblology.  edited  by  L. 

E.  Scheving,  F.  Hal  berg,  and  J.  E.  Pauly.  Tokyol  Igaku  Sholn,  Ltd.,  1974, 
pp.  6*13. 

171. 

Bason,  R.,  C.  E.  Billings,  6.  W.  Hoffler,  and  H.  S.  Turner.  An  attempt  to 
produce  acclimatization  to  hypoxia  by  Intermittent  altitude  exposure  with 
vigorous  exercise.  Aerosp.  Ned.  40:  971*976,  1969. 

172. 

Baust,  W.  Fatigue.  Sleep,  and  Dream.  Stuttgart:  Wissenschaftllche 
Verlagsgesei Iscnart  H6H7  197D7  ^22  pp. 

173. 

Bazin,  R.,  M.  Apfelbaum,  R.  Assan,  F.  Halberg,  and  P.  DeGasquet.  Timing  of 
meals  manipulates  amplitude  and  acrophase  of  circadian  rhythms  In  human  plasma 
Insulin.  Chronoblologla  5:  203*204,  1978. 

174. 

Becker,  E.  E.,  and  H.  R.  Msslleff.  Inhibitory  controls  of  feeding  by  the 
ventromed1.il  l^pothalamus.  jjm,  £.  Physiol.  226:  383  *396,  1974. 

175. 

Becker,  R.  0.,  C.  H.  Bachman,  and  H.  FrledNan.  The  direct  current:  A link 
between  environment  and  organism.  N.^.  State  J.  Med.  62:  1169*1176,  1962. 

The  authors  have  collected  evidence  that  biological  organisms  are 
surrounded  by  natural  D.C.  electrical  potential  gradients.  In  a 
preliminary  study  the  transcranlal  D.C.  potentials  of  2 normal  and  2 
schizophrenic  patients  were  determined  dally  for  a period  of  2 months. 
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A cyclic  pattern  was  evident  In  all  subjects  with  a Mrlodlclty  of 
approxlnately  28  doys.  Note:  this  study  has  been  often  cited  as 
evidence  for  the  28  day  enotlonal  blorhythn.  The  authors,  however,, 
state  th:*  periods  were  approximately  28  doys,  not  exactly  28  days,  as 
blorKythn  theory  requires.  This  preliminary  study  reportedly  has  not 
been  replicated  (Ahlgren,  A.  1974  lj^«  J.  Chronoblol . 2:  107-109). 


176. 

Beljan,  J.  R. , L.  F.  Chapman,  0.  Rockwell,  J.  Vemlkos-OanelHs,  and  C.  N. 
Winpet.  The  Influence  of  lOS  days  of  social  deprivation  on  habitability. 
Aerosp.  Med.  A^soc.  Prepri nts . 1974,  p.  90. 

177. 

Beljan,  J.  R.,  L.  S.  Rosenblatt,  N.  U.  Hetherington,  J.  L.  Lyman,  S.  T.  Flalm, 
6.  T.  Dale,  and  0.  C.  Holley.  Human  Performance  In  the  Aviation  Eifivlronment. 
Final  Report;  Dec.  31,  1972;  NA$A  Contract  liA^-6657,  i97?I  FTve  Parts,  318 

pp. 

178. 

Beljan,  J.  R.,  C.  H.  Uinget,  and  L.  S.  Rosenblatt.  The  desynchronosi s 
syndrome.  Aerosp.  Med.  Assoc.  Preprints.  1973,  pp.  223-224. 

179. 

Bellinger,  L.  L.,  L.  L.  Bernardls,  and  V.  E.  Mendel.  Effect  of  ventromedial 
and  dorsomedlal  hypothalamic  lesions  on  circadian  corticosterone  rhythms. 
Neuroendocrinology  22;  216-225,  1976. 

180. 

Belova,  T.  A.,  and  V.  N.  Vasilev.  Functional  activity  of  the  adrenal  cortex 
In  man  during  Intensely  emotional  alternate  shift  work.  Fitlol.  Zh*  SSSR.  60: 
329-333,  1974. 

Study  of  the  adrenal  cortex  function  In  human  subjects  under 
conditions  of  alternate  shift  work  associated  with  mental  and 
neuro-emotlonal  stress.  The  excretion  of  urinary  metabolites  of 
17-oxy-  and  17-deoxycort1costero1ds  measured  by  chromatography 
techniques  was  found  to  be  In  stress-exposed  subjects  twice  as  high  as 
In  the  stress-spared  control  group. 


181. 

Belowich,  D.  L.,  and  M.  L.  Sachs.  Biorhythms  and  swimming  performance:  a 
comprehensive  evaluation.  Paper  presented  at  the  meeting  of  the  North 
American  Society  for  the  Psychology  of  Sport  and  Physical  Activity, 
Tallahassee,  Fla.,  Mqy,  1978. 

182. 

Bena,  E.,  M.  Noskova,  and  V.  Poche.  Bewertung  des  Vigllanzzustandes  von 
Lokfuhrem  von  Elektrlschen  und  Diesel -El  ektrlschen  Lokomotiven  mit  Hllfe  der 
Tagllchen  Rhythmen  der  Korpertemperatur,  des  Blutdruckes,  der  Pulsfrequenz  und 
der  Excitatlonsschwelle  des  Achllles-Schnenre flexes  (Use  of  body  temperature, 
biorhythms,  pulse  frequency,  blood  pressure  and  Achilles  tendon  threshold  for 
evaluation  of  the  degree  of  vigilance  during  train  driving).  Proc.  of  a Sj^. 
on  Ergonomics  In  Machine  Design.  Prague,  1967.  Geneva:  ILO,  1:  B1-31R),  l9M. 
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Factors  In  the  load  of  vigilance:  (1)  Attention  to  signals  (long 
Intervals  between  the  signals  or  bad  visibility)*  Without  stimilatlon 
by  the  second  engine  driver  vigilance  lasts  only  for  two  to  three 
hours.  Independent  driving  should  not  exceed  three  to  four  hours. 

(2)  ClliMte  and  monotonous  cab  noise  (require  suitable  cab  design). 

(3)  Irregular  cycles  of  shifts:  shifts  begin  and  end  at  all  hours  of 
the  day  and  night.  Thus  the  twenty-four  hour  rhythm  of  sleep  and 
vigilance  Is  broken  Into  Irregular  fractions  and  the  synchronisation 
between  the  brain  cortex  and  autonomic  nervous  system,  and  hence  body 
temperature*  pulse  frequency  and  blood  pressure  are  disturbed.  These 
factors  are  related  to  mental  blocks  during  driving  (accumulation  of 
sleep  debts).  This  may  be  tested  for  example  during  the  second  night 
of  driving.  The  driver  starts  the  evening  already  In  the  trophotropic 
stage,  which  Imperils  his  vigilance  more  easily.  The  tests  enable  us 
to  estimate  the  synchronisation  of  autonomic  rf^rthms  with  the  cortical 
function  as  It  affects  vigilant  driving,  and  to  make  proposals 
concerning  cycling  of  shifts. 


183. 

Benedek,  G.,  and  F.  Obal.  Interaction  between  sleep-waking  cycle  and 
thermoregulation  In  rats.  Acta  Physiol.  Hung.  52:  201,  1978. 

184. 

Benoit,  0.  Wakefulness  sleep  rhythm  and  mode  of  life.  Rev.  Prat.  26: 
1945-1954.  1976. 

185. 

Bensimon,  G.,  0.  Benoit,  J.  Foret,  and  N.  Vieux.  Quality  of  sleep,  age,  and 
shift-work  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work,  5th,  Rouen 
FR.,  1980,  p.  1 1 1-3.  

186. 

Benson  A.  J.,  Tecnnical  evaluation.  In:  Rest  and  Activity  Cycles  for  the 
Maintenance  of  Efficiency  of  Personnel  concerheH" with  Military  FlIgHf 
OperationsT  Wuiiiy-sur-seTne:  NatO,  Advisory  Group  for  Aerospace  Research 
and  Development,  AGARD-CP-74,  1970,  4 pp. 

187. 

Benson,  H.  The  Relaxation  Response.  New  York:  William  Morrow  and  Company, 
Inc.,  1976,  15?  pp. 

This  book  brings  together  and  synthesizes  recent  scientific  data 
with  age-old  Eastern  and  Western  writings  that  establish  the  existence 
of  an  innate  human  capability:  the  relaxation  Response.  The 
scientific  research  and  religious  and  literary  works  cited  represent  a 
compilation  of  vastly  different  fields  of  knowledge.  The  actual 
method  utilized  to  attain  the  Relaxation  Response  Is  outlined  In 
detail.  Appllctlons  of  the  method  as  a treatment  for  various 
physiological  canditlons  such  as  high  blood  pressure  are  suggested. 


188. 

Berger.  R.  J.  Bloenergetic  functions  of  sleep  and  activity  rhythms  and  their 
possible  relevance  to  aging.  Fed.  Proc.,  34:  97-102,  1975. 
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The  l\ypo thesis  Is  proposed  that  sleep  constitutes  a oerlod  of 
dormancy  In  \4i1ch  energy  Is  conserved  to  partially  offset  the 
Increased  energy  demands  of  homeothenpy.  Phylogenetic  data  Indicate 
that  the  complete  physiological  and  behavioral  manifestations  of  sleep 
are  unique  to  homeotherms:  furthenwre  "Ontogepy  recapitulates 
phylogepy*  In  the  parallel  development  of  slow  wave  sleep  and 
thermoregulation  as  exemplified  In  the  opossum.  Thus,  sleep 
constitutes  a state  of  reduced  metabolism  that  may  represent  a 
variation  on  the  theme  of  dormancy,  functionally  lyinng  on  a continuum 
of  energy  conservation  processes,  ranging  from  Inactivity  and 
estivation  to  torpor  and  hibernation.  The  high  amounts  of  sleep  In 
Infancy  may  Involve  conservation  of  energy  and  Its  consequent 
availability  for  growth.  Decreased  amounts  of  stage  4 and  total 
sleep  with  aging  in  humans  mqy  represent  reduced  energy  demands 
reflected  by  parallel  declines  In  basal  metabolic  rate  and  physical 
activity.  Disruptions  of  circadian  rhythms  of  sleep  and  wakefulness 
In  humans  produce  Impairments  In  mood  and  performance  Independent  of 
total  amounts  of  sleep  obtained,  and  reduce  the  amplitude  of 
physiological  rhythms.  It  Is  suggested  that  aging  processes  aright 
also  be  affected  by  such  disruptions  In  activity  rhythms. 


Berger,  R.  d.,  J.  N.  Taub,  and  J.  M.  Walker.  Sleep  as  a biological  adaptive 
process.  In:  The  Nature  of  Sleep,  edited  by  V.  dovanovic.  Stuttgart: 
Fischer,  1973,  ppTISy^Jsr' 


Bergin,  K.  G.  The  effects  of  fatigue  on  health  and  flight  safety*  The  Air 
Line  Pilot  45:  30-33,  1976. 

191. 

Bergstrom.  B.  The  effect  of  sleep  loss  and  threat-induced  stress  upon 
tracking.  Scand.  £.  Psychol . 13:  54-60,  1972. 

The  effect  of  sleep  loss  and  threat- Induced  stress  upon  tracking. 

18  conscript  soldiers  were  divided  Into  2 matched  groups  and  trained 
on  a missile- type  tracking  task  for  6 hrs.  The  experimental  proup  was 
deprived  of  sleep  for  75  hrs  and  both  groups  were  then  subjected  to 
stress  Induced  by  electric  shocks.  Tracking  performance  was  unaffected 
by  sleep  loss,  probably  due  to  the  short  duration  of  each  trial. 
Performance  under  stress  deteriorated  In  the  control  group  but  not  In 
the  experimental  group.  Heart  rate  decreased  gradually  under  sleep 
loss  but  rose  markedly  under  stress,  and  more  so  In  the  control  group. 
Although  somewhat  Inconsistent,  the  findings  Indicate  that  the  effects 
of  threat  and  sleep  loss  oppose  each  other  by  over-arousing  and 
de-arousing,  respectively. 


Bergstrom,  B.,  N.  Glllberg,  and  P.  Arnberg.  Effects  of  sleep  loss  and  stress 
upon  radar  watching.  £.  Appl.  Psychol . SB:  158-162,  1973. 
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Detection  perfomiance  In  a 40  nln  radar  Matching  task  Mas  studied 
using  20  soldiers,  divided  Into  2 laatched  groups.  The  experlnental 
group  Mas  deprived  of  sleep  for  78  hr.  and  both  groups  Mere  then 
subjected  to  stress  Induced  by  unpleasant  electric  shocks.  It  Mas 
hypothesized  that  the  effects  of  sleep  loss  and  stress  oppose  each 
other  through  dearousing  and  overarousing,  respectively.  Results 
Indicated  significant  Inpalment  of  perfotmance  Mhen  subjects  Mere 
deprived  of  sleep,  but  thRy  Indicated  an  liproventnt  under  stress. 
Changes  Mere  acconpanled  by  small  but  reliable  heart  rate  reduction 
and  elevation  respectively,  thus  lending  support  to  the  hypothesis. 


193. 

Bergstrom,  B.,  R.  Hedberg,  and  P.  Skold.  The  effect  of  sleep  loss  and 
threat-induced  stress  upon  tracking.  - Rapport.  No.  55,  1971,  9 p. 

194. 

Berkhout,  J.,  Psychophyslological  stress:  environmental  factors  leading  to 
degraded  performance.  In:  Systems  Psychol.,  edited  by  K.  B.  DeGreene.  New 
York:  NcGraw  Hill  Book  Co..  ifTCt  

195. 

Bernstein,  B.  E.  The  effect  of  circadian  rhythms  and  personality  on  mental 
performance.  0.  Soc.  Occup.  Med.  27:  34-36,  1977. 

One  hundred  and  thirty-eight  funale  college  undergraduates  have 
been  Investigated  to  ascertain  whether  there  Is  some  underlying 
difference  between  those  who  choose  to  work  on  early  and  late 
schedules.  The  subjects  In  the  'early,  'midday'  and  'late'  schedules 
were  tested  for  academic  motivation  and  scholastic  aptitude.  The 
results  show  no  significant  differences  between  the  groups.  The 
effect  of  our  dally  physiological  ups  and  downs  on  work  performance  Is 
obviously  an  Important  Issue  to  Industry  end  educational  Institutions. 

If  on-the-Job  performance  Is  found  to  fluctuate  between  morning  and 
evening  hours,  the  present  study  rules  out  attributing  this  to  ability 
or  motivation  differences.  Hence  ary  such  fluctuations  should  be 
attributed  to  circadian  temperature  variations. 


196. 

Berry,  C.  A.  Summary  of  medical  experience  In  the  Apollo  7 through  11  manned 
spaceflights.  Aerosp.  Med.  41:  500-519,  1970. 

The  3105  hours  of  exposing  man  to  space  flight  during  the  Apollo 
gprogram  have  added  greatly  to  knowledge  of  men's  response  to  space 
travel.  The  spacecraft  cabin  environment  has  been  suitably  maintained 
for  the  crew.  The  radiation  environment  has  been  benign,  no  solar 
flares  occurring  during  the  Apollo  program  missions.  Crews  have 
generally  adapted  well  to  weightlessness,  and  have  learned  to  utilize 
It  to  their  advantage.  Improvements  have  been  made  In  In-flight  food, 
with  the  addition  of  moisturized  packs  and  such  Items  as  sandwiches 
and  dried  fruit.  The  body  weight  losses,  which  have  continued  to 
occur  during  space  missions,  are  not  entirely  due  to  body  fluids  loss. 
Nork-sleep  cycles  have  been  Improved  somewhat  ty  having  all  crew 
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members  sleep  at  the  same  time,  and  by  having  cycles  more  closely 
related  to  tliose  during  training  period*  Cardiovascular 
deconditioning  has  been  Identified  postfllght  with  both  lower  body 
negative  pressure  and  90**  passive  standing  techniques* 

Microbiological  studies  have  shown  that  organisms  transfer  between 
crewmembers*  Moreover,  the  growth  of  opportunist  organisms  appears  to 
be  favored  by  these  shifts*  Extravehicular  activities  on  the  lunar 
surface  during  the  Apollo  11  mission  were  conducted  within  expected 
energy  costs,  at  an  average  of  1,200  BTU  per  hour*  The 
11qu1d-coo1ed*garment*temperature  method  of  energy  cost  estimation  Is 
the  most  suitable*  It  appears  that  lunar  surface  time  can  be  expanded 
safely*  The  Apollo  11  quarantine  was  a demanding  operation,  conducted 
very  successfully* 


197* 

Berry,  C*  A*,  and  M*  Smith*  Mhat  we've  learnt  from  space  exploration* 
Nutrition  Today.  Sept/Oct,  1972,  4-11,  29-32. 

198e 

Berube,  B*  P*  Absence  of  Correlation  Between  Measured  Performance  In  College 
Students  and  BlorHythm  liiformation  ca1cinaEe3nrrdm~the1r  indtvIduaT  ffirtn 
frates*  (PlrTT)*  thesis)  deoroe  Washlnoton  University.  1977.  (olss*  Abstr*  38; 
T3377I,  1977.)  

Personal  hygiene  examination  scores  (375)  and  academic  motivation 
scores  (51)  were  collected  from  51  college  studer^ts  and  were  analyzed 
for  coincidence  with  23,  23  and  33  day  biorhythm  cycles  (regression 
coefficient  analysis)  and  critical  days  (t-test).  The  author 
concludes  that  these  scores  are  not  predictable  from  phase  of 
biorhythm  cycles*  Personal  hygiene  exam  scores  were  not  significantly 
different  on  critical  days  than  on  non-cr1t1ca1  days*  Combinations  of 
biorhythm  cycles  did  not  correlate  with  exam  scores*  The  author 
concludes  that  predicting  human  performance  on  the  basis  of  birthdate 
and  biorhythm  phase  has  no  rational  foundation* 
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Bessou,  J*  and  R*  Pechker*  Repartition  des  accidents  due  travail  a I'EOF, 

Arch*  dal*  Prof*  24;  184-19P,  1963. 

200* 

Bethea,  N,  J*  J*  Human  Performance*  Physiological  Rhythms  and  Circadian  Time 

Relations*  (Ph*  0*  thesis).  Texas  Technological  Unlv.,  1975,  199  pp*  ~ 

During  performance  testing,  three  groups  of  subjects  recorded 
their  oral  temperature  and  resting  heart  rate  at  Intervals  throughout 
the  day*  At  the  same  time  they  worked  multiplication  or  addition 
problems  to  simulate  mental  performance.  All  subjects  collected  urine 
voided  during  the  testing  weeks*  The  volumes  were  measured  and 
specimens  analyzed  for  sodium,  potassium,  chloride,  urea  nitrogen, 
uric  acid,  creatinine,  and  Inorganic  phosphate.  Testing  of 
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psychonotor  perfomanc*  and  rhythnoMtrlc  analysts  found  soot 
consistent  phase  relationships  betMten  physiological  var1ab1es» 
perfonMnce  levels,  and  Individual  rhythm.  Som  Indication  of 
circadian  variability  were  observed. 


201. 

BhanJI,  S.,  G.  A.  Roy,  and  C.  Baulleu.  Analysis  of  mod  chanoe  during  and 
folloidno  sleeo  deorlvatlon  theraov.  Acta  Fsychlatr.  Scand.  56:  379-383, 
1978.  


Recent  work  suggests  that  depriving  endogenous  depressives  of 
sleep  for  1 night  mf  he  followed  by  an  alleviation  of  their  Illness* 
In  order  to  facilitate  further  stu<l^  of  the  nechanlsMS  underlying  this 
effect,  hourly  self-rated  masurenents  of  mod  were  obtained 
throughout  the  sleepless  night  and  the  tim  of  onset  of  aoy  response 
noted.  Of  the  patients  who  1mn>ved,  som  did  so  during  the  day 
following  sleep  deprivation;  In  others  the  response  did  not  occur 
until  after  the  next  night's  sleep.  The  2 groups  of  responders 
differed  Interns  of  self-reported  cmtional  arousal  during  the  course 
of  the  sleepless  night.  The  InpUcatlons  of  these  findings  are 
discussed  In  relation  to  further  studies  of  sleep  deprivation  therapy. 


202.  . ^ ^ 
Bicakova-Rocher,  A.,  A.  Gorcelx,  and  A.  Reinberg.  Possible  circadian  rhythm 
alterations  In  certain  healthy  human  adults  before  and  during  the 
administration  of  pseudo  drug  (abstract).  In:  Int.  Sym*  on  Night-  and 
Shift-work,  5th,  Rouen,  FR.,  1980,  p.  VI-1. 

203. 

Blgham,  B.  How  to  put  your  rhythms  to  wortc  on  your  bluts.  Writer's  Digest, 
pp.  14-15,  Aug.  1975. 

The  author  suggests  that  'liter's  block*  may  be  due  to  the  effect 
of  biorhythm  critical  days  and  recommends  that  writers  schedule  their 
writing  activity  according  to  biorhythmic  phases.  Anecdotal  exmples 
of  famous  writers  with  writers  block  on  critical  days  are  presented. 


204. 

killings,  C.  E.  Studies  of  pilot  perfonaance.  1.  Aerosp.  Med.  39:  17-19, 

1968.  

205. 

Billings.  C.  E.  Evaluation  of  performance  using  the  Gedye  task.  Aerosp.  Med. 

45:  lM-131,  1974.  

This  report  describes  studies  of  a complex  psychomtor  task 
designed  for  assessmnt  of  performance  end  state  of  consciousness  at 
high  altitude.  Baseline  learning  curve^.  were  obtained  from  five 
subjects  at  seal  level  and  at  8000  ft.  The  results  Indicate  that, 
while  Initial  learning  of  the  task  Is  rapid,  there  are  long-term 
trends  Indicative  of  further  Improvement  In  performance.  More  rapid 
learning  of  particular  permutations  was  observed  when  subjects 
breathed  at  8000  ft.  than  tdien  air  was  breathed. 
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Billings,  C.  E.,  R.  C.  Chase,  J.  J.  Cgospuehler,  and  R.  J*  Gerke*  Studies  of 
pilot  perfonaance.  II.  Aerosp.  Hed.  S9:  19-31,  1968. 

207. 

Billings,  C.  E.,  R.  J.  Gerke,  R.  C.  Chase,  and  J.  J.  Eggspufhler.  Stress  and 
strain  In  student  helicopter  pilots.  Aerosp.  Med.  44:  103i>-  <3S,  1973. 

The  heart  rates  of  nine  volunteer  subjects  «iere  studied  during  223 
hours  '‘f  prlnary  he11c<^ter  flight  training.  Heart  rates  after 
flights  were  generally  higher  than  before  ^e  saae  flights.  Heart 
rates  on  the  ground  tended  to  Increase  over  20  to  25  hours  of  flight 
Instruction.  This  trend  toward  Increases  In  heart  rates  was  also 
observed  during  dual  flights,  whether  the  Instructors  or  students  were 
flying.  During  solo  flight.  In  contrast,  heart  rates  tended  to 
decrease  In  uost  students.  Student  heart  rates  were  highest  during 
flight  checks  In  eight  of  nine  subjects.  It  Is  concluded  that  these 
data  are  Indicative  of  a Moderate  and  sequentially  Increasing  level  of 
psychological  str  *'s  In  students  undergoing  dual  flight  Instruction  In 
helicopters. 


208. 

Billings,  C.  E. , R.  J.  Gerke,  R.  C.  Chase,  and  J.  J.  Eggspuehler.  Studies  of 
pilot  perfo.  lance.  Ill  - Validation  of  objective  perfomance  Measures  for 
tM)taty-w1ng  aircraft.  Aerosp.  Med.  44:  1026-1030,  1973. 

Nine  subjects  whose  fixed-wing  piloting  experience  varied  from 
zero  to  several  thousand  hours  were  given  priMary  helicopter  flight 
training  In  a Hiller  12-E  (CH-23G)  helicopter.  The  vehicle  was 
Instrunented  to  permit  recording  of  rotor  velocity  and  the  positions 
of  all  flight  controls.  Computer  reduction  of  the  resulting  data 
revealed  differences  In  the  precision  with  which  rotor  velocity  nas 
controlled  between  the  flight  Instructors  and  their  students,  and 
systematic  trends  In  the  students'  control  of  engine  rpm  during  their 
flight  Instruction.  These  findings  support  the  hypothesis  that  rpm 
variability  Is  a valid  Index  of  pilot  skill  In  helicopters  In  which 
this  variable  Is  un<ter  the  direct  control  of  the  pilot. 


209. 

Billings,  C.  E.,  R.  J.  Gerke,  and  R.  L.  Hick,  Jr.  Comparisons  of  pilot 
performance  In  simulated  and  actual  flight  — effects  of  Ingested 
barbiturates. Avl^t.  Space.  Environ.  Med.  46:  304-308,  1975. 

Five  highly  experienced  professional  pilots  performed  Instrument 
land  systems  approaches  under  simulated  Instrument  flight  conditions 
In  a Cessna  172  airplane  and  In  a Link-Singer  GAT-1  simulator  while 
under  the  Influence  of  orally  administrered  secobarbital  (0,  100,  and 
200  mg).  Tracking  performance  In  two  axes  and  airspeed  control  were 
evaluated  continuously  during  each  approach.  Error  and  RMS 
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variability  were  about  half  as  large  In  the  slnulator  as  In  the 
airplane.  The  observed  data  were  more  strongly  associated  with  the 
drug  level  In  the  simulator  than  In  the  airplane.  Further,  the  drug* 
related  effects  were  more  consistent  In  the  simulator.  Improvement  In 
performance  suggestive  of  learning  effects  were  seen  In  the  simulator, 
but  not  In  actual  flight. 


210. 

Billings,  C.  E.,  L.  L.  Kulak,  R.  L.  Hick,  Jr.  Epidemiological  study  of  In- 
flight airline  pilot  Incapacitation.  Aemp.  Ned.  42  : 670-672,  1971 


211. 

B11 lines,  C.  E.,  J.  K.  Lauber,  ^nd  6.  E.  Cooper.  Human  error  In  aviation 
operations.  In:  Human  Factors  In  Safe  Flight  Operations:  Proceedings  of  the 
Twenty-iieventh  Annual  international  Air  Safety  sminar,  Hllllamsburg,  Va., 
Novembe*  10-14,  1974.  Arlington,  Va.,  Flight  Safety  Foundation,  Inc.,  19/4, 
pp.  181-183. 


This  report  Is  a brief  description  of  research  being  undertaken  by 
the  National  Aeronautics  and  Space  Administration.  The  project  Is 
designed  to  seek  out  factors  In  the  aviation  system  which  contribute 
to  human  error,  and  to  search  for  ways  of  minimizing  the  potential 
threat  posed  by  these  factors.  The  philosophy  and  assumptions 
underlying  the  study  are  discussed,  together  with  an  outline  of  the 
research  plan. 


212. 

Billings,  C.  E.,  J.  K.  Lauber,  G.  E.  Cooper,  and  H.  P.  Ruffell -Smith. 
Retrospective  studies  of  operating  problems  In  air  transport.  National 
Aeronautics  and  Space  Administration.  Ames  Research  Center.  In:  Aircraft 
Safety  and  Operating  Problems.  1976,  pp.  585-590. 

An  epidemiological  model  for  the  study  of  human  errors  In  aviation 
Is  oresented.  In  this  approach,  retrospective  data  are  used  as  the 
basis  for  formulation  of  hypotheses  as  to  system  factors  which  may 
have  contributed  to  such  errors.  Prospective  experimental  studies  of 
aviation  operations  are  also  required  In  order  to  prove  or  disprove 
the  hypotheses,  and  to  evaluate  the  effectiveness  of  the  Intervention 
techniques  designed  to  solve  operational  problems  In  the  aviation 
system. 


213. 

Billings,  C.  E.,  R.  L.  Hick,  Jr.,  R.  Gerke,  and  R.  C.  Chase.  The  effects  of 
alcohol  on  pilot  performance  during  Instrument  flight.  Columbus:  Ohio  State 
Univ.,  Rpt.  f;A-AN-72-4,  1972,  79  pp. 

Sixteen  Instrument-rated  pilots,  eight  of  whom  were  very 
experienced  professional  aviators,  flew  Instrument  Landing  System 
approaches  In  a Cessna  172  under  simulated  Instrument  flight 
conditions  while  sober  and  while  under  the  Influence  of  40,  80,  and 
120  mgt  of  blood  ethyl  alcohol.  Each  pilot  flew  four  approaches  to 
mlnimums  on  each  of  two  occasions  at  each  alcohol  level.  The  data 
collected  during  these  approaches  Included  continuous  measurement  of 
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aircraft  position  with  respect  to  localizer  and  glide  path 
centerlines  and  airspeed*  Note  was  Mde  of  procedural  errors 
committed  during  the  flights.  The  subjects  showed  significant  and 
progressive  decremental  effects  of  alcohol  at  all  of  the  levels 
studied.  The  more  experienced  pilots  maintained  their  ability  to 
guide  the  aircraft  better  than  did  the  less  experienced  subjects* 
particularly  at  high  levels  of  blood  alcohol.  Both  groups*  however* 
demonstrated  progressive  Increases  In  the  nuMber  and  seriousness  of 
procedural  errors  with  Increasing  levels  of  alcohol.  It  Is  concluded 
that  even  40  mgf  of  blood  alcohol  exerts  decremental  effects  on 
performance  which  are  Incompatible  with  flight  safety. 

214. 

Billings*  C.  E.*  R*  W.  Wick*  Jr.*  R.  Gerke*  and  R.  C.  Chase.  Effects  of 

ethyl  alcohol  on  pilot  performance.  Aerosp.  Hed.  44:  379-382*  1973* 

Sixteen  Instrument-rated  pilots  flew  Instrument  landing  system 
(ILS)  approaches  at  night  In  a light  airplane  while  under  the 
Influence  of  0*  0.04.,  0.08*and  0.12%  blood  concentrations  of  ethyl 
alcohol.  Tracking  data  In  two  axes  were  recorded  continuously  from 
pilot's  cross-pointer  Instrument:  procedural  errors  were  recorded  by 
an  experienced  safety  pilot.  Procedure  errors  Increased  significantly 
In  frequency  and  potential  seriousness  with  each  Increase  In  blood 
alcohol  level.  At  the  highest  level*  the  subjects  lost  control  of  the 
aircraft  16  times  In  30  flights.  Tracking  error  and  variability  also 
Increased  with  alcohol  levels:  the  tracking  decrements  were  much  more 
pronounceed  In  less  experienced  pilots.  The  data  suggest  that  even 
very  low  blood  concentrations  of  alcohol  cause  significant  performance 
decrements  In  flights. 


215. 

Billings*  C.  E.*  R.  L.  Nick*  Jr**  R.  J.  Gerke*  and  R.  C.  Chase.  Ethyl  alcohol 
and  pilot  performance:  Military  Implications  of  In-flight  studies.  In:  The 
Use  of  Medication  and  Drugs  In  Flying  Personnel  Neuilly-sur-Seine  NATO* 
H3v1sory  Sroup  for"lierospace  and  Resercn  l^velopment*  AGARO-CP-108,  1973,  pp. 
AlO-l  - AlO-ll. 

Sixteen  Instrument-rated  civil  pilots  flew  501  Instrument  landing 
system  approaches  In  a light  airplane  at  night  under  simulated 
Instrument  flight  conditions  while  sober  and  while  under  the  Influence 
of  .04*  .08*  and  .12  G%  blood  ethyl  alcohol  concentrations.  Oata 
Included  continuous  measurement  of  deviations  from  localizer  and  glide 
path  centerline:  note  was  made  of  all  procedural  errors.  While  the 
highly  experienced  pilots  maintained  better  tracking  performance  than 
the  less  experienced  subjects*  particularly  at  high  blood 
alcohol  levels*  both  groups  demonstrated  progressive  Increases  In  the 
number  and  seriousness  of  procedural  errors  with  each  Increase  In 
alcohol  level.  These  results  Indicate  that  alcohol -Induced 
performance  degradation  may  occur  first  In  secondary  tasks  rather  than 
In  the  primary  flying  task.  Thqy  also  Indicate  that  there  Is 
potentially  dangerous  deterioration  In  the  performance  of  even  highly 
skilled  aviators  at  blood  alcohol  levels  as  low  as  .04%. 
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216. 

Black,  I.  B.,  and  D.  J.  Reis.  Central  neural  regulation  by  adrenergic  nerves 
of  the  dally  rhythm  In  hepatic  tyrosine  transaminase  activity*  J*  Physiol. 
219:  267-2B0,  1971. 

217. 

Blake,  N.  J.  F.  Relationship  Between  Circadian  Rhythm  of  Body  Tewyeratui^  and 
Introversion-Extraversion.  London;  Royal  Naval  Personnel  Research  Committee • 
i9o»,  9 pp. 

218. 

Blake,  N.  J.  F.,  and  D.  M.  J.  Corcoran.  Introversion-extroversion  and 
cl  rcadi an  rhythms.  In : Aspects  of  Human  Eyiclency ; Diurnal  Rhyttm  and  Loss 
of  Sleep  (Proc.  of  the  S^.,  Strasbourg,  France,  19701  eHTted  by  N.  p. 
Coiqunoun.  London:  English  Universities  Press,  1972,  pp.  261-272. 

Individual  differences  observed  In  the  circadian  rhythm  are 
experimentally  examined  In  terms  of  the  biochemical,  physiological » 
and  performance  changes  over  the  24-Hr  period,  as  mell  as  the  ease 
irlth  which  with  these  rhythms  can  be  changed  In  some  subjects 
compared  with  the  difficulty  experienced  with  others.  Emphasis  Is 
placed  on  Introversion-extraversion  as  the  external  measure 
discriminating  'morning*  and  'evening'  types  of  people.  It  Is 
suggested  that  some  general  difference  exists  In  the  arousal  mechanism 
which  differentiates  Introverts  and  extraverts.  It  Is  found  that 
Introverts  are  higher  In  arousal  than  extraverts  whatever  the  time  of 
day  at  which  the  readings  are  taken,  yet  the  results  obtained  suggest 
that  circadian  rhythms  are  certainly  Involved. 


219. 

Blakelock,  E.  H.  A study  of  some  social  and  psychological  effects  of  rotating 
shift  work  (Ph.  0.  thesis).  Piss.  Abst.  28:  2335-A,  1967. 

220. 

Blechman.  F.  Biorhythm  clock.  Predict  your  good  and  bad  days.  Radlo- 
Electronlcs  48;  33-37,  1977. 

Plans  are  presented  for  building  an  electronic  "biorhythm"  clock 
for  under  $30  which  will  enable  the  user  to  monitor  biorhythm  cycles 
on  a dally  basis. 


221. 

Blount,  R.  Biorhythm  and  the  big  game.  Esquire  89;  28,  30,  1978. 

This  Is  a short  review  on  the  application  of  biorhythm  to  sports 
forecasting.  The  author  tested  some  of  Gittelsons  (Biorhythm-Personal 
Science  and  Sport  Forecasting,  1977)  relationships  between  sports 
forecasting  and  biorhythm  phase  and  found  errors  In  dates  and  found 
errors  In  dates  which  Invalidate  some  of  the  sports  performance- 
biorhythm  phase  relationships. 


222. 

Bochow,  R.  Der  Unfall  1m  landwirtschaftllchen  Betrleb.  Untersuchung  uber 
seine  Erscheintvtg,  Ursache  und  Auswirkung.  (Accidents  In  the  agricultural 
Industry.  Investigations  on  their  appearance,  origin  and  effects). 
Wissenschaftllche  Zeltschrlft  der  Humboldt-Universitat  zu  Berlin  4:  507-639. 
WW/5?. 

In  an  analysis  of  497  accidents,  he  found  46.5%  occurring  on 
biorhythm  double  critical  days  (1.2%  of  total  days)  and  24.75% 
occurring  on  triple  critical  days  (.3%  of  total  days).  The  incidence 
of  accidents  claimed  to  occur  on  triple  critical  days  Is  remarkable. 

For  critique  see  Schadewald,  R.  (Fate  32:  75-80,  1979) 

223. 

Bodanowitz,  M.  Die  Veranderung  tagesperlodlsche  Schwankungen  der 
psychomotor  1 schen  Lelstung  nach  transmerldlanen  Flugen  (The  change  of 
circadian  rhythms  of  psychomotor  performance  after  transmeridian  flights). 
Under  Hohe,  Ger.:  Deutsche  Forschungs-  und  Versuchsanstalt  fur  Luft-  und 
Raumfahrt  E.  V.  Institute  for  Flight  Medicine,  DLR-FB  73-52,  1972,  46  pp. 

224. 

Bodenhelmer,  S.,  J.  S.  D.,  Winter,  and  C.  Falman.  Diurnal  rhythms  of  serum 
gonadotropins,  testosterone,  estradiol  and  cortisol  In  blind  men.  Clin. 
Endocrinol.  Metab.  37:  472-475,  1973.  “ 


Overall  levels  and  diurnal  rhythms  of  FSH  and  testosterone  did  not 
differ  In  a group  of  7 totally  blind  males,  age  20-36,  from  those 
observed  in  a previously  studied  comparable  group  of  sighted  subjects. 

LH  levels  were  also  not  different  between  the  2 groups  and  no  diurnal 
cyclicity  of  LH  was  seen  In  either.  A diurnal  rhythm  In  serum 
estradiol  levels,  similar  to  the  one  In  testosterone,  was  seen  In  the 
blind  subjects.  Highest  levels  of  FSH,  testosterone  and  estradiol 
occurred  near  08:00  hr.  There  was  an  apparent  phase  shift  in 
circulating  cortisol  levels  In  blind  subjects.  Peak  levels  In  the 
blind  subjects  occurred  between  08:00  and  16:00  hr  whereas  in  the 
sighted  subjects  the  peak  was  at  08:00  hr  and  values  were  falling 
between  08:00  and  16:00  hr.  These  findings  suggest  that  light  Is  not 
an  important  determinant  of  diurnal  gonadotropin  and  testosterone 
patterns  but  Is  an  important  regulatory  factor  of  the  diurnal  cortisol 
rhythm  In  man. 


225. 

Bodrov,  V.  A.  Meditsinskle  problemy  ratslonallzatsll  rezhima  truda  1 otdykha 
kosmonavtov  (Medical  problems  of  rationalizing  the  work-rest  regimen  of 
astronauts).  In:  Characteristics  of  Cosmonaut  Activities  During  Flight. 
Moscow : Izdatel ' stvo  MashInostroenTe,  1976,  pp.  34-45. 

Experimental  data  are  analyzed  to  reveal  the  Impairment  of 
physiological,  psychological,  and  hormonal  functions  related  to  the 
circadian  rhythm  of  astronauts  during  space  flight.  The  reasons  for 
which  it  Is  Impossible  to  adopt  a ground-based  circadian  rhythm  during 
space  flight  are  the  absence  of  biological  rhythm  time  sensors  In  the 
spacecraft  cabin  (alternation  of  day  and  night,  diurnal  fluctuations 
of  the  environment,  etc.),  displacement  of  the  diurnal  cycle  during 
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flight,  necessity  of  having  someone  on  duV  e*^nd  the  clock, 
restrained  muscular  activiv*  end  other  causes.  The  Complexity  of 
developing  a rational  Mork*rest  regimen  Is  discussed  In  terms  of 
creating  and  maintaining  a predeterm1n*»d  wakefulness-sleep  rhythm  with 
appropriate  allocation  of  rest  time  In  the  spacecraft. 


226. 

Bohlln,  6.,  and  A.  KJellbert.  Self-reported  arousal  during  sleep  deprivation 
and  Its  relation  to  oerfonaance  and  physiological  variables.  Scand.  Psychol. 
14:  78-86,  1973.  

Factor  analyzed  R.  E.  Thayer's  Activation-Deactivation  Adjective 
Check  List  (AO-ACL).  4 factors  emerged:  Sleep-Makefulness,  Stress, 
Euphoria,  and  Energy.  20  undergraduates  participated  In  a l-n1ght 
sleep  deprivation  study  In  which  EE6,  skin  conductance,  and  body 
temperature  data  were  obtained.  The  AO-ACL  was  administered  to  all  Ss 
eveiy  hour.  All  4 factors  showed  decreasing  trends  and,  except  for 
the  Stress  factor,  all  were  correlated  with  body  temperature 
variations.  Sleep-Makefulness  and  Energy  decreased  significantly  as  a 
result  of  sleep  deprivation.  Negative  relations  between  the  Energy, 
Sleep-Makefulness,  and  Euphoria  factors  and  performance  on  a reaction 
time  task  with  different  levels  of  feedback  were  found.  A moctel  of 
phenomenological  arousal  Is  suggested. 


227. 

Bolssin,  J.  P.,  and  L.  Abbas.  Variations  de  certains  parametres  du  systeme 
oculaire  In  fonctlon  de  la  fatigue  lors  des  vols  long  courriers  (Variations  of 
som>  parameters  of  the  ocular  system  In  relation  to  fatigue  during  long 
transmeridian  flights).  Rev.  Hed.  Aeronaut.  Spat.  14:  6S-67,  1975. 

228. 

Bolch,  J.  Biorhythms:  A key  to  your  ups  and  downs.  Reader's  Digest  111: 
63-67,  1977.  

229. 

Bollinger,  R.  R.,  R.  D.  O'Donnell,  and  B.  0.  Hartman.  Physiological  costs  of 
extended  airborne  command  and  control  operations.  In:  Simulation  and  Study 
of  High  Morkload  Operations.  Neuilly-sur-Seine:  NATO,  Advisory  Group  for 
Xerospace  ana  Researcn  Development,  A8AR0-CP-146,  1974,  9 pp. 

During  Exercise  Night  Star  the  personnel  of  the  National  Emergency 
Airborne  Command  Post  successfully  documented  their  ability  to 
maintain  a continuous  airborne  alert  for  an  extended  period. 

Biomedical  evaluation  began  with  a pre-exercise  baseline  study  and 
continued  through  a postexercise  observation  period.  A variety  of 
psychological  and  physiological  parameters  were  measured  In  order  to 
determine  the  degree  of  stress,  fatigue,  and  change  In  performance 
Induced  by  the  extended  airborne  alert.  This  biomedical  evaluation 
showed  that  performance  was  maintained  by  the  misslor  terns,  flight 
crews,  and  ground  support  personnel.  Mhen  significant  fatigue  did 
occur,  whether  In  flight  or  on  the  ground.  It  developed  near  the 
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beginning  of  the  exercise.  The  only  cases  of  naited  or  persistent 
fatigue  were  seen  In  those  groups  whose  day/n1ght»  work/rest  cycles 
were  shifted  and  can  be  attributed  In  njor  part  to  the  resulting 
sleep  loss*  However,  all  groups  appeared  to  adapt  to  their  new  work 
schedules  as  the  exercise  progressed.  Partial  physloloolc  and 
complete  psychologic  recoveiy  were  evident  within  the  first  36  hours 
after  the  exercise* 


230. 

Bondarev,  E.  V.,  T.  T.  Ozhamgarov,  and  6.  E.  Gurvich.  Changes  In  the  rate  of 
Information  processing  by  flight  personnel  during  extended  flights.  In: 
Probley  Irzhenernoy  psikhologll  (Probimes  of  engineering  psychology),  edited 
by  B.  F.  Lomov.  H^cow:  Nauka,  1967,  pp.  82-86.  (Engl,  transl.  In  Human 
Reactions  to  Stress  In  Specific  Situations.  Washington,  D.  C.:  Joinf 
Publications  Researcn  Service,  IwbB,  pp.  23028. ) 

231. 

Bondarev,  E.  V.,  V.  A.  Yegorov,  and  0.  F.  Zakharova.  Change  In  the  functional 
state  of  analyzers  of  flight  crews  during  prolonged  flights.  Kpsm.  Biol.  Med. 
6(3):  64-67,  1972.  

During  prolonged  flights  the  functional  state  of  analyzers  of 
airline  crew  members  undergoes  changes  under  the  Influence  of  adverse 
factors  that  to  a certain  degree  are  similar  to  spaceflight  factors. 

The  rate  of  Information  processing  and  the  carrying  capacity  based  on 
the  speed  and  accuracy  of  responses  to  signals  (acoustic  and  optical 
stimuli)  decline  most  significantly.  The  responses  to  vibrotactlle 
signals  remain  virtually  unchanged.  The  degree  of  the  decrease  In 
these  Indices  depends  greatly  on  crew  activity. 


232. 

Bonjer,  F.  H.  Physiological  aspects  of  shiftwork.  Ergonomics  4;  279,  1961. 

Productivity,  frequency  of  errors,  physiological  responses  to  well 
standardized  work  and  the  performance  at  different  physiological  and 
psycho-physiological  tests  of  a group  of  subjects  were  compared  at 
morning,  afternoon  and  night  shifts.  No  consistent  difference  In 
output,  working  capacity  or  test  scores  between  the  shifts  could  be 
demonstrated  by  the  applied  methods  of  Investigation.  There  was  an 
outspoken  physiological  adaptation  to  night  work  occurring  after  a few 
dqys.  This  adaptation  Is  probably  completely  lost  however  after  a 
free  weekend  or  even  after  a single  off-day*  Although  there  Is  no 
proof.  It  Is  believed  that  the  adaptation  of  the  diurnal  rhythm  of 
physiological  functions  to  night  shifts  Is  an  advantage. 


233. 

Bonnet,  M.  H.,  and  W.  B.  Webb.  The  effect  of  repetition  of  relevant  and 
Irrelevant  tasks  over  day  and  night  work  periods.  Ergonomics  21:  999-1005, 
1978.  


The  effects  of  repetition  on  the  Wilkinson  Vigilance  Task  and  an 
unobtrusive  performance  measure  (crossword  completiton)  were 
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examined  In  18  subjects  over  two  8 h work  periods.  Vigilance  trials 
alternated  with  breaks  in  25  irin  se^nts  across  a work  period  from 
0900  to  1700h  and  a period  from  2400  to  0800  h.  Performance 
decrements  were  seen  In  hit  rate  and  on  the  Irrelevant  task  measure 
across  the  night  session,  and  In  hit  rate  across  the  day  session. 
Decrements  were  greater  at  night  than  during  the  day  on  both  measures. 

The  number  of  attempts  on  the  vigilance  task  decreased  across  trials 
similarly  In  both  testlno  sessions.  It  was  concluded  that  specific 
task  repetition  results  in  performance  decrements,  even  when  circadian 
Incremental  effects  would  be  predicted,  and  that  the  placement  of 
such  task  repetition  at  night  megnifles  those  decrements  and  extends 
them  to  Intrinsically  as  well  as  extrinsically  motivated  tasks. 

234. 

Bonnevie,  P.,  and  J.  E.  Andersen.  Shiftwork  and  Health.  Oslo:  Scandinavian 
University  Books,  1960. 

235. 

Borbely,  A.  A.  Circadian  rhythm  of  vigilance  In  rats:  modulation  by  short 
11ght*dark  cycles.  Neuroscl.  Lett.  1:  67-71,  1975. 

Sleep  In  the  rat  was  enhanced  during  light  and  reduced  during 
darkness  under  a schedule  of  one  hour  light  and  one  hour  darkness. 

The  changes  were  superimposed  on  a free-running  circadian  rhythm  which 
exhibited  an  asymmetric  time-course.  During  the  circadian  phase  of 
maximum  sleep,  changes  In  Illumination  differentially  affected  slow 
wave  sleep  and  paradoxical  sleep. 

236. 

Borbely,  A.  A.  Sleep  and  motor  activity  of  the  rat  during  ultra-short 
light-dark  cycles.  Brain  Res.  114:  305-17,  1976. 

237. 

Borbely,  A.  A.  Effects  of  light  on  sleep  and  activity  rhythms.  Prog. 
Neuroblol.  10:  1-31,  1978. 

238e 

Borbely, A.  A.,  and  J.  P.  Huston.  Effect  of  two-hour  light-dark  cycles  on 
feeding,  drinking  and  motor  activity  of  the  rat.  Physiol.  Behav.  13:  795-802, 
1974.  

The  effect  of  two-hour  light-dark  cycles  on  feeding,  drinking  and 
motor  activity  In  the  rat  was  compared  with  behavior  under  the  usual 
12/12  hr jr  cycle.  T»*e  two-hour  cycles  consisted  of  60/60  min,  80/40 
min  and  40/80  min  light-dark  schedules  which  were  maintained  each  for 
7 diys.  Mater  Intake,  frequency  of  feeding,  and  motor  activity  were 
still  significantly  higher  during  dark  than  during  light,  although 
their  occurrence  during  dark  was  reduced  as  compared  to  the  12/12  hour 
control  schedule.  A free-running  circadian  rhythm  of  consummatory 
behavior  with  a period  length  exceeding  24  hours  was  present 
throughout  the  experimental  period.  The  amplitude  of  the  circadian 
feeding  rhythm  gradually  decreased  over  time,  whereas  the  percentage 
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of  feeding  during  dark  Increased.  During  the  circadian  phase  of 
minimal  food  Intake.  Illumination  changes  affected  feeding  behavior 
more  strongly  than  during  the  phase  of  maximal  food  Intake.  After 
restoration  of  the  original  12/12  hour  cycle,  the  amplitude  of  the 


nocturnal  feedino  rhythm  Increased  gradually  over  several  days, 
whereas  the  amplitude  of  the  drinking  rhythm  showed  a more  rapid 
recovery.  The  experiments  show  that  even  short  cycles  of  Illumination 
may  exert  control  over  the  rat's  consummatory  and  motor  activity* 

Short  light-dark  schedules  provide  a way  for  studying  separately 
effects  of  Illumination  and  of  circadian  rhythms. 


239. 

Borbely.  A.  A..  J.  P.  Huston,  and  P.  G.  Maser.  Control  of  sleep  states  In  the 
rat  by  short  light-dark  cycles.  Brain  Res.  95:  89-101.  1975. 

240. 

Borbely,  A.  A.  and  H.  A.  Neuhaus.  Circadian  rhythm  of  sleep  and  motor 
activity  In  the  rat  during  skeleton  photoperiod,  continuous  darkness  and 
continuous  light.  Comp.  Physiol.  128:  37-46,  1978. 

241. 

Borbely,  A.  A.,  and  H.  U.  Neuhaus.  Synchronized  and  free-running  circadian 
rhythms  of  sleep  and  motor  activity  In  the  rat.  Neuroscl.  Lett.  1:  5327, 
1978.  


The  vigilance  states  and  motor  activity  (MA)  were  continuously 
recorded  by  telemetry  In  the  unrestrained  rat.  The  circadian  rhythms 
were  (a)  synchronized  by  the  12-h  light  - 12-h  dark  cycle  (LO  12:12) 
or  a skeleton  photoperiod  (SP)  consisting  of  20-m1n  L-pulses  at  12-h 
Intervals;  or  (b)  free-running  during  continuous  darkness  (OD)  or 
continuous  light  (LL).  As  compared  to  LO  12:12  the  circadian  rhythms 
were  most  attenuated  during  LL  and  least  attenuated  during  00.  The 
circadian  amplitude  (A)  of  paradoxical  sleep  (PS)  during  LO  12:12  was 
higher  than  A of  waking  and  slow  wave  sleep,  and  was  less  reduced 
during  SP.  00  and  LL.  The  dally  amounts  of  MA  during  00,  and  of  PS 
during  LL,  were  signigicantly  Increased.  The  selective  changes  of  PS 
are  consistent  with  the  assumption  that  separate  processes  control  the 
circadian  pattern  of  the  two  sleep  states. 


242. 

Borland.  R.  C..  and  Nicholson.  A.  N.  Use  of  hypnotics  by  aircrew:  Adaptive 
tracking  as  a technique  for  the  evaluation  of  performance  decrements  related 
to  the  flying  task.  Royal  Air  Force  Inst,  of  Aviation  Medicine.  In:  The  Use 
of  )ted1cat1on  and  Di^gs  In  Flying  Personnel.  Neuilly-sur-Seine:  NATO, 

^vlsory  GroupIfSr  Ae^space  and  Research  Development,  AGARO.  1973,  5 pp. 

The  mean  pe**formance  of  6 subjects  tested  fol owing  the  oral 
administration  of  secobarbi tone  at  a dose  of  3.3  mg/kg  of  bo<|y  weight 
In  an  adaptive  tracking  task  provides  a reasonable  approach  to  evalu- 
ating drug  after-effects  of  possible  significance  to  the  flying  task. 
Nevertheless,  training  of  personnel  and  the  experimental  procedures 
Involved  demand  considerable  effort  on  the  pa."t  of  subjects  and  experi- 
menters. 
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243. 

Borland  R.  G.»  and  A.  N.  Nicholson.  Comparison  of  the  residual  effects  of  two 
benzodiazepines  (nitrazepam  and  flurazepam  hydrochloride)  and  pentobarbitone 
sodium  on  human  performance.  Clin.  PhariMCol . 2:  9-17,  1975. 

244. 

Borland*  R*  G.,  and  A.  N.  Nicholson.  Immediate  effects  on  human  performance 
of  1»  50'benzodlazeplne  (clobazam)  compared  with  the  1»  4-benzod1azep1nes, 
chlordlazepoxide  hydrochloride  and  diazepam.  Br.  J.  Clin.  Pharmacol.  2: 
215-221.  1975.  

245. 

Borte^s.  H.,  D.  Massfeller.  and  E.  VIedler.  Zeltllche  und  Orllche  Varlarlonen 
der  Atmungs  und  Garungsintensitat  von  Saccharoniyces-Hefe  (abstract).  J. 
Interdlscipl.  Cycle.  Res.  1:  107,  1970.  “* 

246. 

Bosworth,  D.  L.,  and  P.  J.  Dawkins.  The  private  and  social  costs  and  benefits 
of  night-  and  shift-work  (abstract).  In:  Int.  Symp.  on  Night-  and 
Shift-work.  5th,  Rouen,  FR.,  1980,  p.  IV-1. 

247. 

Boulos,  Z.  A.  The  timing  of  food  availability  and  the  circadian  organization 
of  behavior  in  the  rat  (Ph.O.  thesis).  Northeastern  University,  1979, 

144  pp. 


Feeding  and  drinking  behavior  of  rats  maintained  In  constant  light 
were  recorded  before,  during  and  after  feeding  schedules  with  periods 
lying  within  or  outside  the  range  of  circadian  entrainment. 

Regardless  of  period,  all  schedules  Immediately  resulted  In  the 
partial  or  complete  synchronization  of  drinking  behavior,  but  failed 
to  entrain  the  free-running  circadian  feeding  rhythms.  This  Indicates 
that  drinking  can  be  passively  driven  by  periodic  access  to  food. 
However,  other  results  suggested  that  a separate  circadian  system  was 
entrained  by  feeding  schedules.  These  results  provide  evidence  for 
the  participation  of  two  distinct  circadian  systems  In  the  control  of 
behavior  In  the  rat.  The  two  systems  appear  to  have  different 
entrainment  characteristics  and  separate  physiological  substrates. 
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248. 

8ou1os«  Z*»  A.  Rosenwasser*  and  M.  Terman.  Limited  dally  access  to  food 
drives  - but  falls  to  entrain  - circadian  rHyttwis  In  rats  (abstract). 
Soc.  Neuroscl.  Abstr..  3:  161,  1977. 


Rats  maintained  under  constant  light  with  free  access  to  food  and 
water  showed  free-running  circadian  rhythms  of  feeding  and  drinking 
with  periods  greater  than  24  h.  Access  to  food  was  then  limited  to  4 
h per  day  over  3-8  wk,  while  water  remained  continuously  available. 
Under  the  feeding  schedule  the  drinking  rhythm  rapidly  assumed  24-h 
periodicity,  with  most  of  the  animals'  dally  water  Intake  occurring 
during  the  feeding  segment.  When  food  was  subsequently  made  freely 
available  both  feeding  and  drinking  assumed  their  original 
free-running  periods.  However,  the  phase  of  these  free-running 
rhythms  was  not  determined  by  the  phase  of  the  preceding  food-access 
schedule.  Rather,  the  rhythms  assumed  the  phase  they  would  have  shown 
had  they  been  free-running  throughout  the  feeding  schedule.  Under 
true  entrainment  (as  with  light-dark  schedules),  free-running  rhythms 
would  be  expected  to  assume  an  Initial  phase  set  by  the  preceding 
cyclic  environmental  agent.  The  results  Indicate  that  the  dally 
feeding  schedule  controlled  the  overt  phase  of  the  feeding  and 
drinking  rhythms,  but  did  not  alter  the  free-running  characteristics 
of  the  underlying  circadian  pacemaker(s).  The  24-h  periodicity  shown 
during  the  feeding  schedule  would  seem  to  result  from  a temporary 
uncoupling  of  the  behaviors  from  their  pacemaker (s),  allowing 
Ingestion  to  be  passively  driven. 


249. 

Boulos,  Z.,  and  M.  Terman.  Splitting  of  circadian  rhythms  In  the  rat.  J. 

Comp.  Physiol.  134;  75-83,  1979. 

250. 

Box,  B.,  0.  Saudino,  and  G.  J.  Mogenson.  Light-dark  rhythms  and  drinking 

behavior  In  the  rat.  Behav.  Biol.  24:  107-112,  1978. 

Male  Wistar  rats  were  divided  Into  two  groups  maintained  either  on 
a normal  lighting  schedule  with  the  12-hr  light  period  from  7 A.  M.  to 
7 P.  M.  or  on  a reversed  lighting  schedule.  The  Intake  of  water  In 
response  to  Ip  Injections  of  hypertonic  saline  or  renin,  given  at  9 A. 
M.  was  found  to  be  approximately  equal  for  both  groups,  idille 
drinking  of  a palatable  0.01  M saccharin  solution  was  significantly 
greater  for  the  group  In  the  dark.  The  results  suggest  that  the 
sensitivity  of  the  primary  thirst  mechanisms  does  not  vary  during  a 
24-hr.  day,  whereas  those  controlling  secondary  drinking  are  more 
responsive  during  the  dark  period.  The  relation  of  these  observations 
to  the  circadian  pattern  of  water  Intake  In  the  rat  Is  discussed* 
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251. 

Brady,  T.  Blo-What?  TM  Attack  12:  16-19,  1972. 

Of  59  aircraft  accidents  studied  Involving  pilots,  13  occurred  on 
a critical  day  for  one  of  the  pilots  (22%  accidents  on  blorhythmlc 
critical  day  found,  20.4%  expected).  The  difference  was  not 
statistically  significant  but  the  study  was  limited  by  small  sample 
size. 


252  • 

Bra^t,  A.  Uber  den  einfluss  der  Schichtarbelt  auf  den  Gesundheltszustand  und 
das  Krankheltsgeschchen  der  Vierktatigen  (On  the  Influence  of  shiftwork  on  the 
health  conditions  and  occurrence  of  Illness  In  workers).  Stud.  Labor . Salut. 
4:  124-152,  1969. 

253. 

Brandt,  A.  On  the  Influence  of  various  shift  systems  on  the  health  of  the 
workers.  In:  XVI  International  Congress  on  Occupational  Health.  Tokyo, 

Japan.  Tokyo  19717  pp.  105-107. 

254. 

Braun,  R.  C.  Influence  of  sociality  following  Isolation  on  feeding  rhythms  of 
monkeys  entrained  to  artificial  light  schedules.  Folia  Primatol.  32:  47-64, 
1979. 


Socialization  following  a period  of  Isolation  disrupted  the 
feeding  rhythms  of  monkeys  entrained  to  artificial  light  schedules. 
When  Isolation  was  reinstituted,  the  performances  of  the  subjects, 
which  had  shifted  during  socialization,  reverted  to  profiles  similar 
to  but  not  the  same  as  they  were  In  the  Initial  Isolation  period.  The 
strength  of  the  social  factor  may  have  derived.  In  part,  from  the 
effects  of  the  Isolation  which  preceded  the  socialization  phase. 


255. 

Brelthaupt,  H.,  M.  Cehse,  G.  Hlldebrandt,  and  I.  Stratmann.  The  course  of 
adaptation  of  the  circadian  system  to  night  work  In  night-nurses. 
Chronoblologla  6:  81,  1979. 

In  2 studies  on  6 and  7 night-nurses  tespectively,  the  dally 
courses  of  heart  rate,  rectal  temperature  and  other  parameters  were 
monitored  during  Interpolated  24-h  breaks,  at  varying  times  within  a 
night-duty  period  and  after  a recovery  Interval.  The  Investigations 
were  carried  out  under  constant  conditions  In  a sound-protected 
chamber  on  bed  rest  and  with  low-protein  diet. 

The  temporal  shifts  of  the  circadian  acrophase,  and  the  amplitude 
and  frequency  modulations  of  the  dally  courses  were  analyzed  and 
present^  In  relation  to  the  Individual  circadian  phase  position. 
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256. 

Bre1th«upt,  H.,  6.  Hlldibrandlt,  0.  Dohre,  F.  Josch,  U.  Slebcr,  and  M.  Mtmar. 
Tolerance  to  shift  of  sleep,  as  related  to  the  Individual's  circadian  phase 
position*  Erflonowlcs  21:  767*774,  1978. 

257. 

Brelthaupt.  H..  6.  Hlldebrandt.  and  M.  Werner.  Circadian  typo  questionnaire 
and  objective  circadian  characteristics  In:  Int.  Sy«p.  on  Night*  and 
Sh1ft*w>r1c.  5th,  Rouen,  France,  1980,  p.  VI 1 1-11 

258. 

Brlctson,  C.  A.  Methods  to  assess  pilot  wort  load  and  other  temporal 
Indicators  of  pilot  perfonaance  effectiveness.  Neuilly-sur-Seine:  NATO. 
Adivsory  Group  for  Aerospace  Research  and  Development,  AGARD-CP-217,  1977,  pp. 
B9-1  - B9-7. 

259. 

Brlctson.  C.  A..  N.  McHugh,  and  P.  Naltoh.  Prediction  of  pilot  performance: 
biochemical  and  sleep-mood  correlates  under  high  workload  conditions*  In: 
Simulation  and  Study  of  High  HortJoad  Operations,  edited  ty  A.  N.  Nicholson. 
Neuiiiy-sur'^lne:  NTTO,  Advisor^'  Group  for  aerospace  Research  and 
Development,  AGARD-CP-146.  1974.  pp.  A13-1  - A13-10. 

Because  of  their  great  theoretical  and  practical  value,  studies  of 
the  factors  affecting  pilot  perfooMnce  have  Interested  flight 
surgeons  and  aviation  psychologists  for  a number  of  years. 

Identification  of  the  skills  and  factors  Involved  In  operating  high 
performance  aircraft  would  facilitate  the  rational  design  of 
successful  training  programs  and  would  permit  the  development  of 
selection  procedures  to  assure  efficient  use  of  such  training.  In 
addition,  knowledge  of  the  factors  and  skills  Involved  In  pilot 
performance  could  lead  to  greater  safety  end  efficiency  of  air 
or<„rU1ons. 


260. 

Brlgolnk*  G.  M.  The  safety  role  of  regulatory,  corporate  and  personal 
Initiatives  In  the  1960's.  Forum  - Int.  Soc.  Air  Safety  Investigators  13: 
26-28,  1080.  

261. 

Brockway,  B.  The  48-hr  day  simulated  by  the  lighting  regimen  In  the  context 
of  related  spectral  studies  on  human  beings.  Cnronoblologla  4:  102-103, 

1977.  

262. 

Brockway.  B.  P*.  M.  Kaveh.  E.  H.  Powell.  L.  E.  Scheving.  and  F.  Halberg. 
Transient  partial  frequency  damul tipi  1 cation  of  Intraperltoneal  temperature 
rhythms  In  Fischer  rats  by  desynchronization  with  48-h  cycles  of  lighting  and 
feeding  (abstract).  Chronoblologla  5:  343,  1978. 
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tight  singly  housed  male  Inbred  Fischer  rats«  of  which  2 were 
subjected  to  a sham-operation  and  6 to  an  Intended  lesloning  of  the 
suprachlasmatic  nucleus*  were  desynchronized  with  food  (F)  and 
light  (L).  Light  and  darkness  alternated  at  24*h  IntervaiSi  food  was 
available  during  the  first  8-h  of  darkness.  A coiriblned 
autoregressive-! Inear -non-linear  least-squares  analysis  revealed  for 
all  animals  a statistically  significant  dicircadlan  (<rtiout  48h) 
rhythm*  while  7 of  these  same  rats  showed  also  a circadian  rhythm 

(p  < 0.05  level)*  which  In  6 rats  was  more  prominent  than  the 
dicircadlan  conq>onent.  These  series  demonstrated  an  average 
dIcIrcacMar-cIrcadlan  amplitude  ratio  of  1.0  * 0.2.  The  magnitude  of 
this  ratio  changes  with  time  In  Individual  rats*  contributing  data 
over  several  weeks.  On  a regimen  of  LO  12:12  with  food  and  water 
freely  available*  7 sham-operated  rats  showed  a ratio  of  0.22  * O.Ol. 
01  synchronization  with  a 48-h  "day**  If  possible*  awaits  tests  of 
possible  applications  In  fields  as  diverse  vchlatry  (sleep 

deprivation  advocated  as  therapy)*  cancer  c terapy  (to  prolong 
chronotolerance)*  and  aging. 


263. 

Brooks*  J.  Bio-rhythms.  Argosy.  Sept.*  1974. 

This  article  discusses  the  application  of  biorhythm  cycles  to  the 
prediction  of  the  outcome  of  automobile  rKes.  The  predictions  are 
limited  by  small  sample  size  and  the  flexibility  of  the 
Interpretations  of  the  relation  between  driving  performance  and 
biorhythm  phase. 


264. 

Broughton*  R.  Biorhythmic  variations  In  conclousness  and  psychological 
functions.  Can.  Fsychol.  Rev.  16:  217-239*  1975. 

Indices  of  conclous  awareness  of  external  and  Internal  events 
exhibit  both  ultradlan  approximately  90  - 100  min  (In  adulthood)  and 
cIrcwMan  24-hour  variations.  The  phylogenetically  older  ultradlan 
rhythm  represents  the  basic  rest-activity  cycle  (BRAC)  OF  Kleltman,  Is 
continuous*  and  appears  to  contain  alternation  of  mental  activity  of 
thought-like  and  fantasy  type  at  this  periodicity  In  wakefulness  and 
In  NRCM  and  REM  SLEEP.  This  suggests  continuous  cyclic  alternation  of 
relative  predominance  of  the  left  and  right  hemispheres  Inherent  In 
the  EMC*  Super-Imposed  circadian  fluctuations  of  conclousness  In  a 
diurnally  active  adult  typically  show  lowest  levels  In  the  first 
hours  after  usual  sleep  onset  and  a later  dip  at  about  5:00  - 6:00 
a.m. , If  the  person  remains  aw£ke. 

After  a night  of  sleep*  daytime  consciousness  and  performance 
Improve  In  the  morning*  usually  show  an  early  afternoon  "post-lunch 
dip",  a sustained  liwrease  In  the  late  afternoon  and  early  evening* 
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•nd  • dtcrtAst  btfore  tittp  onset.  It  Is  postulated  that  cortical, 
Mlnly  prefrontal,  hyperpolarizatlon  In  hhCN  sleep  resets  the  cortex 
for  renewed  hiph-levei  perceptual  awareness  the  next  da>'. 

ConsclousfMss  Is  not  a static  attribute  but  shows  definite  blorhythnlc 
fluctuations  In  level  and  typa. 


265. 

Broussard,  6.  Blorltil  e stress  lavorativo.  (Bloloolcal  rhythm  and  stress 
arising  as  a result  of  work).  Kinerva  Wed.  63:  3919-3924,  1972. 

Biological  rhythm  and  stress  arising  as  a result  of  work. 
Consideration  Is  prlmrlly  given  to  biological  rhythm  with  a 24-hr 
period.  These  endogenic  rhythm  are  Influenced  habit  and  by 
envlronaental  factors.  Intercorrelatlons  and  Interdependences  alike 
are  governed  by  the  hypothalamus.  This  organ  receives  both 
endo^nous  and  exogenous  stimuli  and  acts  by  mans  of  a complex 
neurohumoral  and  nervous  mchanism.  Particular  Importance  Is  attached 
to  adrenal  excretion  rhythms,  primarily  with  respect  to  causes  of 
stress. 


266. 

Browman,  C.  P.,  and  0.  1.  Tepas.  TN  effects  of  presleep  activity  on  all- 
night  sleep.  Psychophysiology  13:  536-540,  1976. 

The  effects  of  different  presleep  activities  on  all-night  sleep 
were  assessed.  Nine  young  adult  mles  engaged  In  brief  periods  of 
progressive  relaxation  (Relaxation),  light  dynamic  exercise 
(Exercise),  or  a boring  monotonous  vigilance  task  (Vigilance) 
Immdiately  before  bed  on  consecutive  nights.  Standard  electro- 
physiological  data  were  recorded  during  the  7.5  hrs  of  sleep.  The 
latency  of  sleep  onset  was  shortest  after  Relaxation  and  longest  after 
Exercise.  Presleep  heart  rate  and  electroiRyograph  levels  were  not 
related  to  sleep  onset.  Sleep  stages  were  not  differentiated  by 
condition  and  no  sleep  parameter  differed  from  nonmtlve  data.  The 
results  suggest  that  It  Is  possible  to  alter  sleep  latency  by 
mnipulating  presle^  behavior  without  disrupting  the  normal  sleep 
pattern. 


267. 

Brown,  B.  R.  and  B.  B.  Morgan,  dr.  Interaction  of  the  circadian  rhythm  with 
the  effects  of  continuous  wort  and  sleep  loss.  In:  Proc.  of  the  7th  Annual 
Meeting  of  the  Human  Factors  Society,  edited  by  M.  P.“Bific,‘Tr.  anTT."K 
Mai one.  »inEa  rtonica,  ca:  Human  Factors  Soc.,  Inc.,  1973,  pp.  433-439. 

268. 

Brown,  B.  R.,  B.  B.  Morgan,  and  H.  «).  6.  Zwaga.  The  effects  of  continuous 
work  and  sleep  loss  on  time-sharing  aspects  of  sustained  performance.  Annual 
Meet.  Psychonomic  Soc.,  13th,  St.  Louis,  1972,  99  pp. 
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Ten  Ss  were  required  to  t1me>shere  the  concurrent  performance  of 
as  many  as  five  different  tasks  (watchkeeplng*  arithmetic 
computations,  target  Identification,  group  probviem  solving)  during  a 
48  h continuous  work  period.  Overall  performance  efficiency  was 
severely  Impaired  after  40  h of  continuous  work.  For  certain  task 
combinations,  however,  Ss*  adoption  of  more  efficient  t1me>shar1ng 
strategies  during  the  stress  period  reduced  the  magnitude  of 
performance  deterioration. 


269. 

Brown,  D.  Shiftwork:  a survey  of  the  sociological  Implications  of  studies  of 
male  shiftworkers.  Occup.  Psychol . 48:  231-240,  1975. 

The  literature  on  the  physiological  and  psychological  effects  of 
shiftwork  Is  now  readily  available  to  the  researcher  Interested  In  the 
effects  of  shiftwork  on  male  employees  (Walker,  1970;  Sergean,  1971). 

This  paper  reviews  some  of  the  Insights  that  social  psychological  and 
sociological  approaches  to  shiftwork  have  offered. 


270. 

Brown,  0.  Shiftwork  among  women:  some  preliminary  observations.  Ergonomics 
21:  870,  1978. 

Interviews  In  one  hospital  with  18  nurses  and  In  one  factory  with 
11  women  making  boxes  suggest  that  the  problems  for  women  on  shift- 
work are  not  as  acute  as  usually  predicted.  Respondents 
consistently  reported  facilitated  dual  role  performance  rather  than 
greater  Interference  by  work  with  their  other  Important  areas  of 
social  activity. 

The  hospital  system  «ms  distinguished  by:  permanent  and  self- 
selected  night  staff;  duty  rosters  worked  out  for  Individual  work 
groups  and  allowing  for  preferences  for  not  working  particular  duties; 
and  day  nurses  who  worked  a double  day  system  Involving  both  early  and 
late  turns  each  week.  Nurses  evaluated  this  system  positively  and 
commented  on  the  convenient  hours  of  shifts  and  the  In-built 
flexibility.  Day  nurses  Indicated  that  the  mix  of  shifts  In  the  week 
gave  a valued  balance  between  the  harder  but  more  interesting  early 
shifts,  and  the  easier  afternoon  shifts  which  allowed  morning  lie-ins. 

The  factory  women  predominantly  had  long  experience  of  their  three 
shift  continuous  system,  which  Involved  nights  every  third  week  , but 
still  positively  evaluated  their  Jobs.  There  was,  however,  a shortage 
of  Jobs  for  women  In  the  area. 

Three  groups  appeared  to  use  shiftwork  consciously  to  solve 
problems  In  their  out-of-work  life  : those  who  used  shifts  to  match 
work  time  with  that  of  their  husband  or  boyfriend;  married  women  with 
children  idio  chose  shifts  to  allow  them  to  work  out  a system  so  that 
their  children  were  looked  after  by  one  of  their  parents  rather  than 
aryone  else;  and  divorced  and  widowed  mothers  who  chose 
shlftwork^lght  work  to  allow  them  to  earn  enough  to  meet  their 
financial  commitments. 
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271. 

Brown,  F.  A.  Interrelations  between  biological  rhythns  and  clocks.  In: 
Aging  and  Biological  Rhythms,  edited  by  H.  V.  Sanis  and  S.  Capoblanco.  New 
Vork:  TTenun  Frass,  19/8,  pp.  215-234. 

The  concept  of  extrinsic  timing  of  the  biological  clock  system 
proposed  here,  with  much  recent  evidence  of  Its  support,  provides  an 
explanation  of  the  uncanhy  precision  of  rhythms  not  only  over  single 
cycles  but  over  long  series  of  consecutive  cycles.  Circadian  rhythms 
have  been  monitored  for  many  months,  monthly  cycles  for  more  than  two 
years,  and  annual  ones  for  more  than  three  years  in  unvarying 
Zeitgeber  fields.  Readiness  to  accept  even  one  autonomously  timed 
cycle,  difficult  as  It  Is  for  biologists  at  large,  becomes  Intolerably 
difficult  for  series  lasting  even  years  In  organisms  deprived  of  all 
cues.  This  concept  provides  an  explanation  not  only  of  this 
astounding  rhythm  stability  but  also  of  all  their  other  numerous 
remarkable  properties  Including  the  small  effects  of  diverse  factors 
on  free-running  periods.  This  concept  does  not  depy.  Indeed  even 
demands,  a complex  and  sophisticated  dynamic  molecular  organization  of 
life  that  must  be  resolved  (Brown,  1976).  This  organization,  as  basic 
as  life  Itself,  Is  capable  of  pulsing  In  response  to  the  pervasive 
ainblent  atmospheric  environment.  The  resolution  of  the  clock  Rorstery 
will  demand  the  cooperation  of  scholars  ranging  the  spectrum  from 
molecular  biologists  and  biophysicists  through  physiologists  and 
biogeophysicists. 


272. 

Brown,  F.  N.  Viability-rate  factors  suggested  for  experimental  rodents  under 
altered  24-h.  lighting  regirens.  Chronoblol . 4:  103,  1977. 

273. 

Brown,  I.  D.  Practical  considerations  In  applying  experimental  findings,  and 
methods  of  evaluation.  Ergonomics  2:  872,  1978. 

Laboratory  and  field  studies  of  the  long-distance  driver  have 
Identified  a number  of  problem  areas  from  which  accidents  may  be 
generated.  Attention,  perception  and  decision  skills  appear 
particularly  vulnerable  to  the  effects  of  prolonged  driving.  These 
adverse  effects  are  attributable  not  only  to  the  task,  the  vehicle  and 
the  environment,  but  also  to  a number  of  organisational  and  social 
factors. 

A good  deal  of  Information  on  these  factors  has  accumulated  from 
studies  of  night  and  shift  work  carried  out  In  other  contexts.  This 
paper  reviews  the  potential  application  of  such  findings  to  the 
specific  problem  of  accident  reduction  among  long  distance  drivers. 

Particular  consideration  Is  given  to  the  practical  application  of 
the  resulting  accident  countermeasures  among  professional  truck 
drivers.  The  paper  adopts  an  epidemiological  approach,  addressing 
Itself  to  the  relative  potential  for  Improvement  within  the  man,  the 


vehicle  and  the  traffic  environment.  In  relation  to  the  different 
types  of  operating  schedules  worked  within  the  Industry* 

274. 

Browne,  R.  C.,  The  day  and  night  performance  of  teleprinter  switchboard 

operations.  Occup.  Psychol . 23:  121-126,  1949. 

275. 

Brownley,  M.  W.  and  C.  E.  Sandler.  Biorhythm  • an  accident  prevention  aid? 

Proc.  of  the  Annual  Meeting  of  the  Human  Factors  Society.  21st,  San  Francisco, 
19/7. ^ 

Review  of  the  literature  concerning  the  relationship  of  biorhythm 
theory  to  human  error  accidents  Indicates  there  Is  much  Inconsistency. 

This  study  attempted  to  resolve  some  of  the  existing  variability 
through  careful  selection  and  statistical  analysis  of  a driver-error 
subject  population.  Fatalities  Involving  506  U.  S.  Naval  off-duty 
personnel  were  examined.  Birth  dates  were  compared  with  accident 
dates  to  determine  If  the  differences  between  observed  and  expected 
accident  frequencies  were  significant.  No  chi-square  values  were 
found  to  be  statistically  significant  at  the  0.05  level.  It  was 
concluded  that  biorhythm  Is  not  a useful  accident  prevention  aid. 
Inconsistency  In  human  error  research  will  continue  to  be  reported 
until  experimenters  more  precisely  define  birth  and  accident  times  and 
combine  this  Information  with  more  rigidly  designed  research 
methodology. 


276. 

Bruce,  U.  6.  Environmental  entrainment  of  circadian  rhythms*  Cold  Spring 
Harbor  Svmp.  Quant.  Biol.  25:  29-48,  1960. 

277. 

Bruener,  H. , 0.  Jovy,  K.  E.  Klein,  J.  P.  Harbarger,  A.  Rimpler,  and  H.  M. 
Wegmann.  Effects  of  transmeridian  flights  on  the  diurnal  excretion  pattern  of 
17-hydro)^cort1 costeroids.  Aerospace  fed.  41;  1003-1005,  1970. 

278. 

Bruener,  H.,  K,  E.  Klein,  and  H.  M.  Wegmann.  The  effect  of  flight  stresses  on 
several  blood  comoonents.  Int.  Z.  Angew.  Physiol.  Elnschl.  Arbeltsphysiol . 23; 
293-304,  1967. 

279. 

Bruener,  H.,  K.  E.  Klein,  and  H.  M.  Wegmann.  Impairment  of  pilot  efficiency 
by  alcohol  and  drugs.  An  attempt  to  deduce  standard  limits  from  experimental 
results.  Wehrmed.  Monatsschr.  13:  193-199,  1969. 


280. 

Brunsgard,  A.  Shift  work  as  an  occupational  health  problem.  In:  On  Night 
and  Shift  Work,  edited  by  A.  Swensson,  Stockholm,  National  Institute  of 
Ilccupati ona1  Heal th,  pp.  9-14,  1970. 
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281. 

Bruss,  R.  T.,  E.  Jacobson,  F.  Halberg,  H.  A.  Zander,  and  J.  J.  Bittner. 

Effects  of  lighting  regimen  and  blinding  upon  gross  motor  activity  of  mice* 

Fed.  Proc.  17;  21.  195B. 

282. 

Bryden,  G.  and  T.  L.  Holdstock.  Effects  of  night  duty  on  sleep  patterns  of 

nurses.  Psychophysiology  10:  36>42,  1973. 

The  diurnal  sleep  patterns  of  female  nurses  working  night  duty 
were  compared  to  their  nocturnal  sleep  patterns  idille  thgy  were 
working  regular  hours  during  the  dty.  Continuous  EEG,  EOG,  and  EMG 
recordings  vere  made  at  the  end  of  2 month  periods  of  night  and  dty 
duty  respectively.  Dny  and  night  sleep  differed  with  respect  to  both 
duration  and  pattern.  Despite  an  earlier  onset,  the  major  sleep 
period  was  shorter  during  the  day  than  the  night  and  seemed  to  be  more 
Interrupted  later  In  the  session.  This  finding  Is  In  keeping  with  the 
Increased  amount  of  Stage  1 and  decreased  amount  of  slow  wave  sleep 
during  the  day  than  the  night.  Although  no  differences  were  evident 
with  respect  to  overall  percent  REM,  differences  In  the  distribution 
of  REN  did  occur.  REM  sleep  occurred  sooner  during  day  than  night 
sleep  and  there  was  more  of  It  during  the  first  part  of  day  sleep. 

Thus  night  duty  seemed  to  affect  the  pattern  of  sleep  stage 
distribution  as  well  as  the  absolute  amount  of,  not  only  total  sleep, 
but  also  some  sleep  stages,  such  as  Stage  SS.  It  Is  an  open  question 
how  the  naps  of  extended  duration  taken  while  on  night  duty  Influence 
the  pattern  of  sleep  during  the  day. 


283. 

Buchsbaum.  M.  S.  The  chemistry  of  brain  clocks.  Psychol.  Today  12:  124, 
1979. 

284. 

Buck,  L.  Sleep  deprivation  effects  on  accuracy  and  speed  of  response 
selection  and  execution.  Canada.  Natl . Res.  Council.  Div.  of  Mech.  Eng,  and 
Natl.  Aeronautical  Estab.  Quarterly  Bull.  1-/,  9-lZ,  19/3. 

Ss  performed  a subject-paced  step- tracking  task  after  zero,  one 
and  two  nights  without  sleep.  Their  performance  compared  to 
performance  when  following  a similar  regime  with  normal  sleep  showed 
no  change  In  accuracy  but  a progressive  reduction  In  speed.  Movement 
times  Increased  with  sleep  loss  and  reaction  times  Increased  to  an 
amount  dependent  on  signal  probability. 


285. 

Buck,  L.  Sleep  loss  effects  on  movement  time.  Ergonomics  18:  415-525,  1975. 

Subjects  were  tested  on  a subject-paced  step-tracking  task  three 
times  every  four  hours  under  both  of  two  regimes:  one  In  which  they 
slept  for  6:30  hours  at  night  and  one  In  which  they  remained  awake; 

12  subjects  werre  tested  for  two  days  under  each  condition,  and  8 
subjects  for  three  days.  Reaction  times  for  correct  responses 
increased  following  sleep  loss  to  a much  greater  extent*  It  Is 
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concluded  that  movement  time  Is  a more  sensitive  Index  of  performance 
deterioration  due  to  sleep  loss  and  that  movement  time  and  reaction 
time  represent  separate  processes. 

286. 

Buck,  L.  Psychomotor  test  performance  and  sleep  patterns  of  aircrew  flying 
transmerldlanal  routes.  Aviat.  Space  Environ.  Med,  47:  979-986,  1976. 

Pilots  and  flight  attendants  flying  scheduled  services  between 
Vancouver  and  Tokyo  and  between  Toronto  and  Rome  were  tested  on  a 
tracking  task  before  and  after  flights  In  each  direction.  Flights 
were  Included  In  schedules  Involving  both  24-h  and  7-d  layovers  at  the 
overseas  station.  During  these  periods,  they  recorded  their  sleep 
patterns.  The  data  showed  that,  following  flight,  subjects  made  an 
Immediate  attempt  to  adapt  their  behaviour  to  local  time  and  the 
changes  In  their  performance  scores  could  be  Interpreted  on  that 
basis.  It  was  concluded  that  behavioural  circadian  rhythms  adapt 
rapidly  to  a new  time  tone. 


287. 

Buck.  L.  Circadian  rhythms  In  steo-lnout  oursult  tracking.  Ergonomics  20: 
19-31,  1977. 

Siibjects  performed  a step-input  pursuit  tracking  task  at  regular 
Intervals  over  two  days.  Performance  varied  with  time  of  day  In  a 
manner  and  to  an  extent  dependent  upon  the  choice  of  Index  so  that 
circadian  rhythms  for  speed  scores  were  In  Inverse  phase  with  those 
for  accuracy  scores.  Presence  or  absence  of  knowledge  of  results  made 
no  significant  difference  to  the  time  of  day  effect  but  Increased 
short  term  memory  demands  disturbed  the  movement  time  rhythm 
supporting  the  hypothesis  that  psychomotor  and  short/term  memory 
functions  vary  in  Inverse  phase  with  time  of  day. 

288. 

Buck,  L.,  and  C.  B.  Gibbs.  Sleep  loss  and  Information  processing.  In: 
Aspects  of  Human  Efficiency:  Diurnal  Rhythm  and  Loss  of  Sleep  (Proc.  of  the 
Symp.,  Strasbourg,  FR.,  1970.),  edited  by  W.  P.'*Co1quhoun~  Condon:  English 
Univ.  Press,  1972,  p.  47-58. 

289. 

Buck,  L.,  and  R,  Leornardo.  Circadian  rhythm  In  performance  on  the  NRC 
stressalyser.  Canada,  National  Research  Council,  Division  of  Mechanical 
Engineering  and  National  Aeronautical  Establishment,  Quarterly  Bulletin  2: 
11-21,  23-31,  1975.  

Forty  subjects  followed  schedules  of  self-administered  tests  on 

the  NRC  STRESSANALYSER  over  a period  of  three  days.  Performance  varied 
systematically  according  to  time  of  day  of  testing,  with  the  circadian 
rhythm  more  evident  for  movement  times  than  for  reaction  times.  The 
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1 rKytIn  of  accuracy  scores  was  out  of  phase  with  that  for  speed  scores, 

with  performance  being  slowest  but  most  accurate  early  In  the  waking 
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1 290. 

Bugard,  P.,  et  aU  Stress,  fatigue  et  depression  dans  la  vie  quotidlenne 
(Sress,  fatigue  and  depression  In  everyday  life).  Paris:  Editions  Ooln,  2 

I volumes,  1974,  29S  and  302  pp. 

General  study  of  stress,  fatigue,  asthenia  and  depression  In 
eveiydqy  life.  Contents:  Vol*  1:  muscular  fatigue;  sensorial 
fatigue;  stress  and  fatigue;  nervous,  mental  fatigue;  ergonomics  and 
fatigue;  case  studies;  fatigue  In  nuclear  plants;  stress  and  fatigue 
In  air  pilots  and  cosmonauts;  methods  of  studying  stress  and  fatigue; 

Vol.  2:  traumatic  neuroses  (e.g.  due  to  occupational  accidents); 
neurophysiology  of  stress;  various  aspects  of  urban  fatigue  (asthenia, 
depression);  mechanisms  of  pathogenic  relationships  (occupational 
medicine  and  fatigue,  mental  health  and  work,  etc.);  prevention  and 
treatment  of  stress,  fatigue  and  asthenia,  etc.  Some  of  the  chapters 
and  sections  are  of  direct  concern  to  the  plant  physician  (mental 
fatigue  and  working  environment;  fatigue  due  to  vigilance  tasks),  and 
give  case  studies  Illustrating  the  points  covered;  heat>exposed 
workers;  vigilance  required  of  train  drivers,  bank  employees,  radio 
and  television  workers;  stresses  In  the  work  of  a1r*traff1c 
controllers,  personnel  of  ‘hot*  laboratories  In  nuclear  plants, 
workers  on  assembly  lines  or  performing  fragmented  or  repetitive  work. 

291. 

Bugge,  J.  F.,  P*  K.  Opstad,  and  P.  M.  Magnus.  Changes  In  the  circadian  rhythm 
of  performance  and  mood  In  healthy  young  men  exposed  to  prolonged,  heavy 
physical  work,  sleep  deprivation,  and  caloric  deficit.  Aviat.  Space  Environ. 
Med.  50:  663-668,  1979.  

There  were  18  young  men  who  participated  In  a ranger  training 
course  In  June  1978  with  more  than  100  h continuous  activities, 
almost  without  sleep.  The  subjects  used  about  10,000  k cal/d  and 
their  food  Intake  gave  only  about  1,600  kcal/d.  Changes  from 
circadian  rhythm  In  performance  and  mood  were  studied  once  In  the  week 
before  the  course,  on  the  first  and  last  day  of  the  course,  and  once 
In  the  week  after  the  course.  The  subjects  were  tested  at  4-h 
Intervals.  Significant  and  substantial  Impairment  were  observed  In 
all  tests,  as  well  as  In  mood  during  the  course  (more  pronounced  on 
the  last).  The  Impairment  was  mainly  In  reduced  capacity,  although 
there  were  minor  Increases  In  errors.  The  oscillations  In  circadian 
rhythm  during  baseline  and  recovery  were  small  ( ±10%  of  the  24-h 
mean),  with  a tendency  to  have  low  values  In  the  early  morning.  The 
oscillation  Increased  during  the  course  to  20-40%  of  the  24-h  mean; 
the  tendency  was  to  Increase  the  fluctuations  of  the  natural  circadian 
rhythm  with  a crest  In  the  afternoon  and  a trough  In  the  early 
morning.  The  profile  of  mood-state  showed  similar  fluctuations  and 
was  highly  correlated  to  performance.  After  4 d of  rest,  there  was 
complete  restitution  of  performance  and  mood  In  our  tests* 
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292.  , , 

Bursteln.  G.  The  Relationships  Between  Biorhythms  and  Perceived  Emotional 
States  (abstract).  (Ph.  0.  Thesis).  California  School  of  Professional 
Psychology,  Piss.  Abstr.  36:  5781B,  1976. 

Five  families  (n*21)  completed  dally  rating  scales  (range  1-3)  on 
quality  of  emotional  state  and  quality  of  family  Interaction.  The  #1 
and  #3  ratings  were  correlated  to  their  occurrences  on  biorhythmic 
critical  days.  For  both  rating  scales  In  the  adults,  but  not  the 
minors,  significant  correlations  were  obtained  between  rating  scales  1 
and  3 and  biorhythm  critical  dqys.  The  most  significant  correlation 
was  obtained  with  the  26  dqy  emotional  cycle.  The  33  dey  cycle  did 
not  demonstrate  significant  correlations.  Accidents  recorded  by 
participants  fell  more  frequently  on  critical  dqys  than  expected.  The 
author  concludes  that  23  and  28  dqy  biorhythmic  cycles  significantly 
affect  human  performance  and  perceived  emotional  states.  However, the 
use  of  simplified  rating  scales,  the  use  of  simple  correlational 
statistics  rather  than  time  series  analysis,  and  the  possibility  of 
results  Influenced  by  suggestibility  (not  excluded  In  abstract) 
diminish  the  validity  of  the  authors'  conclusions. 


293. 

Buttery,  T.  J.  The  Influence  of  biorhythms  on  human  physical,  emotional,  and 
Intellectual  behavior.  Education  98:  117-121,  1977. 

This  review  article  on  the  Flless'  biorhythm  theory  cites  evidence 
connecting  biorhythmic  cycle  phases  to  accidents  and  performance  but 
cautions  that  the  theory  lacks  a substantive  research  base  and  Is 
Hmltled  by  the  supposed  Invariability  of  the  23,  28  and  33  day 
cycles.  The  author  suggests  that  biorhythm  theory  may  be  applicable 
to  teaching  children  with  learning  disabilities  by  timing  Instruction 
to  biorhythm  phases  when  thqy  are  more  receptive  to  learning. 


294. 

Buttery,  T.  J.,  and  VI.  F.  White.  Student  teachers'  affective  behavior  and 
selected  biorhythm  patterns.  Percept.  Motor  Skills  46:  1033-1034,  1978. 

A group  of  20  female  teachers  filled  out  semantic  differential 
technique  tests  twice  a week  for  7 weeks.  Scores  were  compared  with 
high  and  low  phases  of  the  28  day  emotional  biorhythm  cycle  using 
the  test.  Significant  differences  between  the  high  phase  and  the  low 
phase  of  the  28  day  cycle  for  three  measured  factors  were  obtained. 
Indicating  significant  modiHcatlon  In  affective  ratings  occurred 
during  the  high-low  phases  of  the  emotional  biorhythm  cycle.  This 
study^s  findings  are  limited  by  small  sample  size  zrA  limited  sampling 
rate,  as  well  as  the  lack  of  more  sophisticated  analyses 
(regresslonal,  chi  square  or  time  series  analysis). 
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295. 

Buxton,  C.  Scientists  tune  In  to  biorhythms.  San  Jose  News.  May  S,  1975. 

This  article  cites  the  finding  of  biorhythm  type  periodicities  In 
perfonaance  tests  by  D.  Nell  and  the  use  of  b1orhyt^s!  In  marital 
counseling  by  U.  Yabroff.  These  psychologists,  however,  state  that 
the  commercial  use  of  biorhythm  to  plan  dally  activities  Is  "dangerous 
and  highly  unethical"* 
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C«banac,  M.  Temperature  regulation.  Ann.  Rev.  Physiol . 37:  415-439,  1975. 
297- 

Cabanac,  H.,  G.  Hlldebrandt,  B.  Massonnet,  and  H.  Strempel.  A study  of  the 
nycthemeral  cycle  of  behavioural  temperature  regulation  In  man.  J.  Physiol. 
267;  275-291.  1976. 

298. 

Callle.  E*  J.  Fractlonnement  sulvant  1e  ry thme  de  base  et  alternance 
optlmaie.  Int.  Cong.  Aviat.  Space  Med..  21st,  Nunich,  1973,  preprints  p« 
81-82.  ' " 

299. 

Callle,  E.  J.,  and  Bassano,  J.  L.  Biorhythm  and  watch  rhythms:  (Mineral 
watch  rhythm  and  anhemeral  watch  rhythm  In  simulated  permanent  duty*  In: 
Vigilance;  Theory,  Operational  Performance  and  Physiological  Correlates. 
eHTted  by  R.'TirHackTe;  New  York': 

The  simulation  of  a 30-day  submarine  submersion  with  a volunteer 
crew  of  24  men  provided  the  framework  for  a comparison  between  two 
work/rest  cycles  within  a crossover  balanced  design:  a 72-hour  period 
rhythm,  as  practiced  In  the  Navy,  with  4 hours  of  sleep  shifting  or 
sleep  splitting  In  cyclic  transposition  for  each  third  part  of  the 
crew;  and  a 24-hour  period  rhythm,  with  permanent  8 hours  or  16  hours 
of  sleep  shifting  for  each  third  part  of  the  crew.  The  strong 
advantage  of  the  second  alternative  compared  to  the  first  Is  evidenced 
In  the  sleep  process,  behavioral  efficiency,  mood,  and  circadian 
biochemical  parameters. 


300. 

Callle,  E.  J.  P.,  A.  M.  Quideau,  J.  F.  «].  Girard,  J.  C.  Grubar,  and  A.  C. 
Montell.  Loss  of  sleep  and  combat  efficiency:  Effects  of  the  work/rest 
cycle.  In:  Aspects  of  Human  Efficiency:  Diurnal  Rhythm  and  Loss  of  Sleep 
(Proc.  of  the  tonf.  ),  edUed  oy  w.  P.  Colquhoun.  London:  TngTTsh 
Universities  Press,  1972,  pp.  177-193. 

A 64  hours  to  72  hours  sleep  loss  did  not  severely  Impair  the 
fighting  capabilities  of  a small  volunteer  group  of  well  trained  and 
well  motivated  enlisted  men.  Only  long-term  memory  and  decision 
making  proved  to  be  very  sensitive  to  such  a deprivation.  Between- 
subject  differences  were  brought  out  particularly  clearly  when  2 x 12, 

1 X 6 and  6 X 4 work/rest  cycles  were  followed;  these  differences  were 
more  marked  during  night-work  than  during  day-work. 

Consequently,  If  the  military  authorities  require  the  members  of  a 
group  to  display  homogeneous  capabilities.  It  would  be  advantageous  to 
adopt  a 3 X 8 work/rest  cycle,  since  this  minimizes  the  between- 
subject  differences.  If,  however,  there  Is  a requirement  for  men  who 
are  able  to  sustain  high  levels  of  performance  when  working  either  on 

2 X 12,  2 X 6 or  6 X 4 cycles,  It  Is  recommended  that  Individuals 
should  be  selected  according  to  the  psychological  and  physiological 
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criteria  described  In  the  present  Investigation,  which  have  been  shown 
to  be  statistically  reliable. 
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Call lot,  R.  Consequences  soclales  du  travail  a feu  continu.  Econ.  Hun.  122: 
62-72,  1959.  

302. 

Cameron,  C.  Fatigue  problems  In  modem  Industry.  Ergonomics  14:  713-720. 
1971.  

303. 

Cameron,  C.  A theory  of  fatigue.  Ergonomics  16:  633-648,  1973. 

304. 

Candelarlo,  G.  The  Relationship  of  Biorhythms  and  Student  Behavior:  Critical 
Oqys,  Physical,  Emotional,  ano  intellectual!  tHocurves  and  Tneir  inTiuence  On 
High  school  Students’  BefiavTor  At  tne  time  Or  suspension  prom  Scnooi.  (PhUT. 
Thesirn  Richlgan  State  UnlversTty,  19777 


Chi-square  analysis  was  made  of  the  self-initiated  suspension 
dates  of  141  high  school  students  with  respect  to  biorhythmic  critical 
days  or  blorhythmlc  cycle  low  phases.  No  significant  relationship  was 
found  between  suspension  dates  and  critical  days  or  blorhythmlc  high 
or  low  phases.  The  author  concludes  that  the  popular  biorhythm  theory 
of  Thommen  and  Gittelson  Is  without  merit. 


305. 

Cantrell,  6.  K.,  et  a1.  long-term  aircrew  effectiveness.  A literature  study. 

(Work  environment  and  task  mtor  effects  on  long  term  aircrew  effectiveness.) 

Brooks  AFB,  Tex.:  School  of  Aerospace  Medicine,  SAN-TR-71-41,  1971,  15  pp. 

306. 

Caplan,  R.  0.,  S.  Cobb  and  J.  R.  P.  French,  Jr.  White  collar  work  load  and 

cortisol:  disruption  of  a circadian  rhythm  by  Job  stress?  0.  Psychosom.  Res. 

23;  181-192,  1979.  

Perceived  white  collar  work  load  was  studied  as  a determinant  of 
cortisol,  an  adrenal  hormone  with  a pronounced  circadian  rhythm.  Two 
hundred  male  NASA  employees  In  administration,  engineering  and 
science,  mean  age  40,  completed  self-report  questionnaires  and  gave 
blood  samples.  Respondents  were  grouped  according  to  the  time  of  day 
when  their  blood  was  sampled  and  were  grouped  Into  high,  medium  and 
low  tertlles  on  an  Index  of  subjective  quantitative  work  load.  There 
was  no  main  effect  of  work  load  on  mean  cortisol.  There  was  a 
significant  effect  of  level  of  work  load  on  the  relationship  between 
time  of  day  sampled  and  cortisol.  High  work  load  employees  showed 
lower  than  normal  morning  cortisol  values  and  did  not  show  the 
expected  decrease  In  cortisol  from  morning  to  afternoon.  Low  work 
load  employees  showed  the  expected  circadian  rhythm.  Me  test  two 
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hypotheses  Mhich  nwy  further  explain  the  results— (1)  Job  satisfaction 
aedlates  the  effect  of  «K>rk  load  on  circadian  rhythm  and  (2) 
personality  traits  produce  self-selection  Into  high  work  load 
environments  - and  discuss  other  Interpretations. 

307. 

Carandente.  F.  Experimental  research  In  the  rat  using  chronoblologic  methods 

sloxilatlng  various  work  shifts  of  man.  Ann.  1st.  Super  Sanita  13:  491-7. 

1977.  

308. 

Carandente,  F..  and  F.  Halberg.  Chronoblologic  view  of  shift  work  and  ulcers. 

In:  Shift  Work  and  Health.  A Symposium.  197S«  Cincinnati.  Ohio.  U.  S. 

Department  of  Health.  ^<lucatTon.  and  Welfare,  1976,  pp.  273-283. 

309. 

Carandente,  F.,  F.  Halberg,  D.  Sutherland,  K.  Kawahara,  R.  B.  Sothern,  P. 

Gorecki,  P.  Ernsberger,  E.  Haus,  and  G.  Pozza.  Circadian  ecphasla  and  other 

thermal  and  urinary  dyschronism  following  schedule  shifts  In  association  with 

murine  diabetes  mellltus  (abstract).  Chronoblol.  6:  86,  1979. 

Adult  female  Inbred  Lewis  rats  kept  In  continuous  light  (1),  more 
or  less  synchronized  In  frequency  by  cyclic  human  activities  were 
transferred  to  a regimen  of  L and  darkness  (D)  alternating  at  12-h 
Intervals  In  single  cages  at  a room  temperature  of  24<>c,  with  food  and 
water  ad  libitum.  Under  ether  anesthesia,  a temperature  transensor 
was  Im^arited  in  healthy  rats  and  rats  rendered  diabetic  by  the 
administration  of  streptozotocin.  Some  of  Ute  diabetic  rats  were  left 
untreated;  casual  blood  sampling  showed  gross  hyperglycemia.  Other 
rats  were  treated  by  pancreatic  grafts  from  ethlonfne-prepared  donors, 
either  Isografts  In  rats  of  the  Lewis  strain  or  allografts  of  the 
pancrease  from  Inbred  Fisher  rats  transplanted  to  Lewis  rats. 
Intraperltoneal  temperature  was  telemetered  by  10-m1n.  Intervals  for  3 
weeks  following  transplanatlon.  Urine  volumes  were  determined  from 
rats  In  metabolic  cages.  Data  were  analyzed  rhythmometrically. 

Following  sensor  Implanatlon  and  transfer  to  an  LD  12:12  regimen,  the 
adjustment  of  the  thermal  acrophase  consistently  near  the  middle  of 
the  dally  dark  span  occurred  within  approximately  7 days  In  healthy 
rats  and  In  streptozotocin-dlabetic  rats  cured  by  an  Isograft. 

Thermal  acrophase  adjustment  was  slower  for  animals  rendered  diabetic 
^ streptozotocin  and  left  untreated  or  for  animals  thus  rendered 
diabetic  tdilch  had  »«Jected  a pancreatic  allograft  (as  documented  by 
hyperglycemia  In  casually  sampled  blood).  The  eventual 
synchronization  of  the  c1*cad1an  temperature  rhythm  of  allografted 
rats  differed  from  one  rat  to  the  other  and,  for  some  allografted 
animals,  from  the  consistent  synchronization  of  the  circadian  rhythm 
In  telemetered  Intraperltoneal  temperature  of  1.  diabetic  and  2.  non- 
diabetic Lewis  rats.  The  acrophase  of  the  circadian  rhythm  In  urine 
volume  of  healthy  rats  or  of  a rat  wHh  a pancreatic  Isograft  (which 
cured  a prior  streptozotocin- Induced  diabetes)  differed  with 
statistical  significance  from  that  of  rats  with  untreated  diabetes, 
some  In  the  state  after  the  rejection  of  a pancreatic  allograft. 
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Tests  of  synchronizablllty  are  Indicated  In  human  as  well  as  murine 
diabetes  mellltus. 

310. 

Carandente,  F.,  et  a1.  Access  time  to  water,  overriding  lighting  regimen, 
Siynchronizes  circadian  rhythm  In  telemetered  Intraperl toneal  temperature  of 
ad-llbitum  fed  mice.  Chronoblologla  2;  12,  1975. 


311. 

Carpentler,  J.  Le  Travail  par  Equipes  Successives  (Shiftwork).  Paris, 
France:  InstltuOatlonai  d^cnereneet  oe  Securlte,  Edition  INKS  N.  523, 
1975,  34  pp. 

Intended  for  readers  In  Industry,  this  booklet  takes  stock  of 
present  knowledge  on  shift  and  night  work:  general  remarks; 
consequences  of  shift  work  for  health  (biological  rhythms,  sleep, 
nutrition,  nervous  effects,  fatigue);  consequences  for  everyday  life 
(role  of  the  Individual  within  the  family,  participation  In  family 
activities);  consequences  for  working  life  (productivity,  errors, 
accident),  economic  aspects  (consequences  for  the  Individual,  the 
undertaking,  society)*  Recommendations  on  setting  a shift  work  system 
and  the  timetables  so  as  to  minimize  the  deleterious  effects  of  shift 
work.  The  non>phys1o1og1ca1  character  of  shift  work  and  the 
Individual,  family  and  social  upheavals  to  which  It  gives  rise  justify 
Its  limitation,  as  well  as  that  of  night  work. 


312. 

Carriero,  N.  J.  Physiological  correlates  of  performance  In  a long  duration 
repetitive  visual  task.  In:  Vigilance:  Theory.  Operational  Performance,  and 
Physiological  Correlates,  edited  by  tt.  R.  Nackle.  new  fork:  Plenum  Press, 

T577,  S*  307-m 

313. 

Carruthers.  N.,  A.  C.  Arguelles,  and  A.  Mosovich.  Man  In  transit: 
biochemical  and  physiological  changes  during  Intercontinental  flights.  Lancet 
1:  977-980,  1976. 

314. 

Carskadon,  N.  A.,  and  W.  0.  Dement.  A 90-m1nute  schedule  of  sleep  and 
wakefulness  (abstract).  Sleep  Res.  4:  156,  1975. 

315. 

Carskadon,  M.  A.,  and  W.  C.  Dement.  Sleep  studies  on  a 90-m1nute  day. 
Electroenceph.  Clin.  Meurophyslol . 39:  145-155,  1975. 

After  2 adaptation  and  2 baseline  all-night  sleep  recordings,  5 
noHMl  young  adult  subjects  (3  males)  were  placed  on  a schedule 
alternating  60  min  of  wakefulness  and  30  min  of  sleep  for  5 1/3  24-h 
periods.  A 2-day  recovery  period  followed:  One  male  subject  (MAi$) 
was  later  placed  on  the  Identical  protocol  with  the  exception  that  he 
was  allotted  periods  of  75  min  of  wakefulness  and  15  min  of  sleep 
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durino  the  experimental  period.  One  male  narcolepsy  catapleiw  patient 
was  placed  on  the  60*30  schedule  for  40-h. 

All  subjects  showed  REM  sleep  durlnp  the  schedule  manipulation. 

REM  sleep  occurred  within  10  min  of  sleep  onset  1S0REMP)  on  79  of  110 
REM  sleep  occasions  on  the  5 normals^  on  all  29  REM  episodes  In 
MAi5»  and  on  16  of  17  REM  periods  In  the  narcoleptic.  In  the 
normals.  REM  sleep  showed  a tendency  to  recur  on  alternate  90*m1n 
cycles,  while  In  the  narcoleptic  REM  recurred  on  consecutive  periods. 
Compared  to  baseline^  REM  sleep  24-h  was  decreased  In  the  normals  and 
Increased  In  the  narcoleptic. 

Tine  spent  In  slow  wave  sleep  ar.d  stage  2 was  also  reduced  In  the 
normal  subjects  on  the  90-m1n  schedule,  and  stage  1 sleep  time  was 
Increased  . Peak  sleep  times  for  the  5 normals  occurred  between  09.00 
and  12.30  and  lowest  sleep  times  from  21.00  to  02.00.  During  the 
first  recovery  night,  sleep  times  ranged  from  11.5  to  18.5  h. 

Including  significant  Increases  of  slow  wave  sleep  and  REM  sleep. 
Except  for  SORENPs.  no  signs  of  the  narcolepsy*cataplei^  syndrome  ms 
seen  In  ary  of  the  normal  subjects. 


316. 

Co’*%kadon.  M.  A.,  and  W.  C.  Dement.  Sleepiness  and  sleep  state  on  a 90*m1n 
schedule.  Psychophysiology  14:  127-133.  1976. 

317. 

Carugatl.  F..  et.  al.  The  effect  of  alteration  of  the  circadian  rhytkm  on 
some  psychic  functions  In  a group  of  state  railways  workers.  Bolletino  d1 
Pslcoloola  AplIcaU.  103-105:  79-91.  1971.  

316. 

Carvey.  0.  W.  and  R.  G«  Nibler.  Biorhythmic  cycles  and  the  Incident  of 
Industrial  accidents.  Personnel  Psychology  30:  447-454.  1977. 

This  paper  examines  empirically  the  biorhythm  theory  of  accident 
explanation  that  has  been  Increasingly  popularized  In  the  business 
press.  Data  were  used  from  cases  of  municipal  employees  adjudged  to 
be  at  fault  In  150  work  related  vehicular  accidents  and  municipal 
employees  Involved  In  210  on-the-job  accidents.  Results  show  no 
systematic  relationship  between  biorhythmic  critical  days  or  cycle 
high  and  low  points  and  accident  occurrence.  The  data  were  also 
evaluated  stepwise  for  cycles  other  than  the  biorhythm  periods.  No 
useful  level  of  association  existed  for  ary  cyclic  combination 
Investigated.  It  Is  concluded  that  Mile  other  groups  or  events  may 
exhibit  measureable  cyclic  patterns.  It  seems  likely  that  the 
relationships  are  more  complex  than  a simple  association  such  as  that 
posited  on  the  basis  of  biorhythm  theory.  Note:  this  Is  the  only 
paper  In  the  literature  Mich  has  attempted  to  examine  a possible 
relationship  between  accidents  and  cycles  other  than  the  23.  ?B  and  33 
da/  biorhythm  cycles. 


319. 

Ctst,  J.  Frtd1ctl¥t  Powtri  In  Bto^RhytNi  Analytit  In  tht  Ptrfomance  of 
Football  Piaytrt.  hIswjH  3^tnern  suta  col i^,*7o|TTn,  no/,  i9/z. 


Tht  ptrfonnanct  of  24  collage  football  players  ms  rated  in  € 
categories  on  a ten  point  scale  every  day  for  27  days.  A close 
correspondence  was  found  between  perfemiance  and  biorhythm  Individual 
cycle  curvet.  In  the  final  spring  practice  game,  blorhythmlc 
predictions  of  playtr  performance  were  F9S  accurate.  Biorhythm  charts 
were  drawn  for  38  players  In  1972.  A prediction  of  Individual 
performance  bated  upon  biorhythm  calculations  was  given  to  the  coach 
prior  to  each  game.  Post  game  evaluations  of  each  players* 
performance  revealed  the  blorhythmlc  prediction  to  be  accurate  In  771 
of  cases.  It  was  also  found  that  691  of  football  Injuries  occurred  on 
blorhythmlc  critical  days.  The  validity  of  these  studies  Is  seriously 
limited  by  the  use  of  short  sampling  Intervals,  lack  of  any  time 
series  or  statistical  analysis,  and  the  possible  Influence  of 
suggestive  Influences  by  the  coach  on  playtr  performance. 


320. 

Catalano.  6.  T..  C.  M.  Winget.  A.  Laursen.  H.  Sandler.  C.  M.  DeRoshla.  and  J. 

Reltman.  A measurement  of  motor  Ktivlty  during  bedrest  and  OTbulatlon. 

Proc.  San  Diego  Biomedical  Syiap..  San  Olego.  19/7,  pp.  375-385. 

321. 

Catalano,  6.  T..  C.  M.  Winget.  H.  Sandler.  C.  W.  DeRoshla.  P.  J.  Haro,  and  S. 

Davidovich.  Averaging  methods  of  measuring  motor  activity  and  Its 

relationship  with  drug  disposition  and  heart  rate.  Association  for  the  Advancf- 

ment  of  Medical  Instrumentation.  August  1977  (abstract). 

322. 

Catlett.  6.  F..  and  6.  J.  Kidera.  Detection  and  management  of  latent  diabetes 

In  comnerclal  pilots.  Aerosp.  Ned.  37:  545-551,  1966. 

323. 

Cayman.  L.  Prevalence  of  shift  work  In  Belgium.  Eroonomlcs  21:  A71,  1978. 

The  extent  of  shift  work  In  Belgium  Is  surveyed  In  two  ways: 
first,  by  considering  the  number  of  companies  In  which  It  has  been 
adopted  and  secondly,  by  examining  the  proportion  of  shift  workers  In 
the  total  work  force  of  these  companies.  The  Incidence  of  shift  work 
In  different  manufacturing  and  service  branches  of  Industry  Is 
reviewed,  and  related  to  sex  and  to  Individual  occupation.  The 
organization  of  shift  work  Into  two-shift,  semi -continuous,  continuous 
and  other  shift  systems  In  the  various  sectors  Is  also  described. 


324. 

Cervinka  R.»  N.  Haider.  N.  Roller,  and  H.  Kundl.  Psychophyslological  and 
psychoswial  studies  on  female  shift-  and  day-workers  (abstract).  In:  Int. 
Symp.  on  H1<F>t-  and  Shift-work.  5th,  Rouen.  FR.,  1980,  p.  VI I 1-2. 
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32S. 

Chaffin,  R.  and  J.  Skadburg.  Effect  of  scoring  set  on  biorhythm  data.  J. 

AppK  Psychol.  64:  213-217,  1979. 

Biorhythm  theory  predicts  that  people  are  more  likely  to  have 
accidents  on  critical  deys  In  their  biorhythm  cycles.  In  experiment 
1,  the  hit  rate,  defined  as  the  percentage  of  accidents  occurring  on 
critical  days  for  410  single  Individual  Industrial  accidents  was  above 
chance  level  when  the  data  were  scored  by  conventional  visual 
Inspection  but  did  not  differ  from  chance  when  an  error-free  numeric 
method  was  used.  The  hit  rate  for  control  data,  created  by  randomly 
pairing  the  accldiO';  dates  and  birth  data  In  the  experimental  data, 
was  also  above  cha/-- d level  for  the  visual  Inspection  method  and  at 
chance  level  for  the  nuuerlc  scoring  method.  Experiment  2 showed  that 
the  bias  In  the  visual  Inspection  method  was  (kie  to  the  scoring  set  of 
looking  for  hits  rather  than  due  to  bias  In  favor  of  the  experimental 
hypothesis.  Nine  undergraduate  students  used  the  visual  Inspection 
scoring  method;  however,  they  were  told  only  that  the  purpose  of  the 
experiment  was  to  see  how  accurately  they  could  read  the  curves.  The 
hit  rates  were  similar  to  those  for  the  visual  Inspection  method  In 
experiment  1.  It  was  suggested  that  the  above-chance  hit  rates  of 
other  Investigators  could  be  attributable  to  a similar  scoring  bias. 


326. 

Chambers,  A.,  and  H.  C.  Vykukal.  The  effects  of  bed  rest  on  crew  performance 
curing  simulated  shuttle  reentry.  Moffett  Field,  CA.;  NASA,  NASA  TN  0-7504, 
1974,  33  pp. 

327. 

Chambers,  A.  B.,  and  H.  C.  Vykukal.  A study  to  determine  the  effects  of  bed 
rest  on  pilot  performance  and  physiological  responses  (kirlng  simulated  space 
shuttle  reentry.  Aerospace  Med.  Assoc. , Preprints  pp.  139-140,  1975. 

328. 

Chan,  0.  Biorhythm:  Charting  your  ups  and  downs.  McCalls  105:  55-56,  1978. 

329. 

Chapek,  A.  V.  Some  psychophyslological  causes  of  flight  accidents  and 
measur^l^for^ensurln^^fllght  safety  In  civil  aviation.  Kosm.  Biol.  Aviakosm. 

This  paper  discusse'.  the  reasons  for  flight  accidents  associated 
with  personality  factors  of  crew  members  and  ground  control personnel. 

The  psychophyslological  mechanisms  of  certain  erroneous  actions  of  the 
pilot  and  controller  In  an  emergency  situation  are  discussed.  Some 
safety  measures  are  suggested. 


330. 

Chapman,  L.  F.,  C.  Hinget,  0.  Rockwell,  and  J.  Vemikos-Danellls.  EEF  changes 
following  prolonged  social  Isolation.  Aerospace  Med.  Assoc..  Preorlnts.  o.  262. 
1975.  * 
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331. 

Chase,  M.  Relationship  Between  Selected  Biological  Rhythms  and  Performance  of 
Professional  Women  Golfers.  (Ph.D.  thesis).  University  of  l/^aTT,  19/6. 


The  competitive  golf  scores  of  26  participants  on  the  Ladles 
Professional  Association  circuit  above  and  belcw  each  competitors 
median  were  tabulated  according  to  biorhythm  phase  and  critical  day 
period  of  each  cycle.  Analysis  of  the  data  by  chi  square  designs 
showed  no  significant  relationships  existed  between  phases  of 
physical,  emotional  Intellectual  or  any  combination  of  these  cycles 
and  golf  scores.  In  addition,  no  slonlflcant  relationships  were  found 
between  golf  scores  and  biorhythm  critical  dqys. 


332. 

Chateller,  G.,  P.  Galban,  M.  Gouars,  and  M.  Gulllermln.  Influence  de  certains 
facteurs  d'environnement  (hypoxle,  decalage  horaire,  sonic  boom)  sur 
Vapprentlssage  et  la  performance  a differents  tests.  Rev.  Med.  Aeronaut. 
Spat.  47;  484-487,  1973.  

333. 

Chavarri,  M.,  A.  Ganguly,  J.  A.  Luetscher,  and  P.  G.  Zager.  Effect  of  bedrest 
on  circadian  rhythms  of  plasma  renin,  aldosterone,  and  cortisol.  Aviat.  Space 
Environ.  Med.  48:  633-636,  1977. 

334. 

Chazalette,  A.,  Une  etude  sur  les  consequences  du  travail  en  equipes 
alternantes  et  les  facteurs  expllcatifs.  Lyon:  Groupe  de  Soclolgle  Urbalne, 
1973. 

335. 

Chernik,  0.  A.  Effect  of  REM  sleep  deprivation  on  learning  and  recall  by 
humans.  Percept.  Mot.  Skills,  34:  283-294,  1972. 

336. 

Chernik,  0.  A.,  and  0.  Mendels.  Sleep  reversal:  disturbances  In  dqy-tlme 
sleep  patterns.  Clin.  Electroenceph.  5:  143-148,  1974. 

337. 

Chemyakova,  V.  N.  Encephalographic  Investigations  of  the  process  of  human 
adaptation  to  a modified  dally  schedule.  Kosm.  Biol.  Med.  6(1):  38-42,  1972. 

The  period  of  man's  adaptation  to  an  Inverted  work  and  rest 
schedule  Is  dependendent  on  his  Individual  characteristics.  Test 
subjects  with  unstable  circadian  rhythms  of  cerebral  bioelectric 
activity  adapted  themselves  most  rapidly.  A 72-hour  period  of 
wakefulness  used  as  a disturbing  factor  shortened  the  time  of  the 
restructuring  only  (Airing  the  early  period  of  exposure  to  the  Inverted 
schedule.  The  restructuring  period  was  characterized  by  a great 
scatter  of  observational  data  even  during  the  periods  when  the  mean 
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curve  exhibited  a tendency  to  acquire  a new  rhythm.  The  scatter 
decreased  as  the  newly  developed  rhythm  became  more  stable. 

338. 

Chevrier*  J.  P.  Etude  experlmentale  des  variations  physlologiques  du  sodium 
et  du  potassium  urinal res»  llees  au  decalage  horalre.  (Experimental  stu((y  of 
physiological  variations  In  urinary  sodium  and  potassium  related  to  time  zone 
changes.  Transl.  by  NASA  TT  F-16,  281  1975.)  C.  R.  Soc.  Biol.  (Paris) 

167:  2014-2018.  1973.  


339. 

Chevrolle.  J.  Horalres  de  travail  et  Infarctus  du  myocarde  chez  les  employes 
de  Taslsstence  publlque.  Arch.  Mai.  Prof.  Med.  24:  146-147.  1963. 

340. 

Childs,  J.  N.  Caffeine  consumption  and  target  scanning  performance.  Human 
Factors  20:  91-96.  1978. 

Twenty-five  minutes  after  Ingesting  one  of  three  possible  dosages 
(placebo.  200  mg.  or  400  mg.)  of  caffeine,  48  subjects  Individually 
participated  In  two  short-term  visual  target  scanning  tasks  (subject- 
paced and  experimenter-paced).  Assignment  of  subjects  to 
treatment  groups  was  made  on  the  basis  of  a priori  coffee  consumption 
rates.  Subjects  who  reported  that  they  normally  consumed  less  than 
three  cups  of  coffee  per  week  were  assigned  to  the  low  usage  rate 
group  (LR).  while  those  who  reported  average  consumption  rates  of 
three  cups  or  more  per  week  were  assigned  to  the  high  usage  rate  group 
(HR).  Significant  differences  In  latencies  were  obtained  between  LR 
and  HR  only  with  400  mg  caffeine  dosages.  LR  exhibited  significantly 
higher  latencies  as  a function  of  these  dosages  than  did  HR.  No 
reliable  differences  occurred  between  LR  and  HR  for  correct  detection 
percentages. 


341. 

Chouvet,  G.»  J.  Mouret,  J.  Coindet,  M.  Slffre,  and  M.  Jouvet.  Bicircadlan 
period  of  sleep-waking  cycle  In  "beyond  time"  Isolation.  A Polygraphic  study. 
Electroenceph.  Clin.  Neurophyslol.  37:  367-380,  1974. 

342. 

Christie.  6.  A..  J.  R.  Daly,  M.  C.  Path,  J.  I.  Evans.  S.  A.  Lewis,  and  M. 
Moore-Roblnson.  C.  C.  Gullett.  and  K.  A.  Bergin.  Project  Pegasus.  Aerospace 
Med.  Assoc.  Preprints.  1971,  pp.  103-104. 

343. 

Christie.  G.  A.,  end  M.  Moore-Roblnson.  Project  Pegasus:  Circadian  rhythms 
and  new  aspects  of  corticosteroids.  Clin.  Trials  J.  7:  7-135,  1970. 

344. 

Chugunov,  G.  Ya.  Skill  In  performing  piloting  duties  In  prolonged  night 
flight.  Kosro.  Biol.  Aviakosm.  Med.  12(2):  73-74,  1978. 
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345. 

Church,  N.  U. , and  L.  C.  Johnson.  Mood  and  performance  of  poor  sleepers 
during  repeated  use  of  flurazepam.  Psychopharmacol ogy  61:  309>316,  1979. 

346. 

Clzmlc,  S. , and  L.  Slainberger.  Povredena  Radu  Radnika  sa  Razllcitim  Doevnim 
Rlrmom  Zlvotnih  1 Radnih  Navika  (Injuries  at  Work  of  Workers  with  Differing 
Dally  Rhythms  of  Living  and  Working  HabHs).  Ergonomlja  5:  S«ll,  1978. 

From  a physiological  and  psychological  point  of  view,  the  authors 
Interest  was  focused  on  how  changes  In  man's  rhythm  In  the  course  of 
24  hours,  I.e.,  circadian  rhythm,  affect  his  working  ability* 
readiness  to  commence,  continue  and  stop  work,  or  make  mistakes  at 
work  and  follow  less  safe  procedures  leading  to  Injury  at  work.  The 
Investlaatlon  was  conducted  In  two  working  organizations  with  the  aid 
of  specially  designed  questionnaires  aimed  at  cMalnIng  data  on  the 
living  and  working  habits  of  workers.  The  questionnaires  offered  a 
choice  of  five  answers.  The  authors  made  use  of  the  results  obtained 
from  an  earlier  Investigation  of  physiological  and  psychological 
parameters.  The  results  thus  obtained  Indicate  that  the  dally  rhytNn 
of  working  and  living  habits  formed  under  the  Influence  of  external 
factors,  changes  the  usual  circadian  cycle,  so  that,  among  other 
things.  It  Influences,  to  a lesser  or  larger  extent,  accident* 
proneness  In  certain  periods  of  the  day.  The  Investigation  has  also 
confirmed  several  already  known  regularities  observed  with  the  type  of 
accidents  work  occurring  In  the  course  of  sh1ft>work.  The  results  of 
the  Investigation  show  an  Inaccuracy  of  proofreading  and  complex  data 
sorting.  Intertask  differences  appeared  to  outweigh  Interpersonal 
ones. 


347. 

Clancy,  A.,  and  P.  H.  Redfem.  A passive  avoidance  response  In  mice—the 
effects  of  phase-shift  and  chlorodlazeooxlde.  J.  Pharm.  Pharmacol.  30,  Suppi: 
35,  1978.  

348. 

Clarke,  C.  H.,  and  A.  N.  Nicholson.  Immediate  and  residual  effects  on  human 
performance  of  the  hydro^ylated  metabolltles  of  diazepam  (proceedings).  Br.  J. 
Clin.  Pharmacol . 4:  400P-401P,  1977. 

349. 

Cmiral,  J.,  V.  Dolezel,  J.  Dvorak,  M.  Pipal,  J.  Sulc.  Possibilities  and 
dangers  during  long  working  periods  In  space  rescue.  In:  Proc.  Space  Rescue 
Symp.  4th,  1971,  Paris:  International  Academy  of  Astronautics,  1972,  pp. 
2^279. 

It  Is  pointed  out  that  during  rescue  operations  It  Is  sometimes 
necessary  for  Individuals  to  work  periods  substantially  longer  than 
usual.  The  performance  of  operators  working  for  24  hours  with  only 
short  periods  of  rest  was  studied.  It  Is  emphasized  that  the 
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conclusions  reached  on  the  basis  of  the  test  results  refer  to 
situations  which  do  not  Involve  a highly  responsible  task,  although 
the  work  load  Is  great.  It  was  found  that  In  long  operations  and 
during  uninterrupted  working  processes,  the  24  hour  work  shift, 
followed  by  two  diiys  of  rest,  was  acceptable. 


Cmiral  J.,  and  J.  Dvorak.  Zmehy  Reakee  Sledovani  Clle  Behem  29  Hodin  Prace 
(Changes  In  reaction  in  target  monitoring  during  29  hours  of  work). 
Ceskoslovenska  Hyglena,  18:  114-118,  1973 

N^fne  subjects  were  examined  In  the  course  of  predominantly  mental 
work  for  29  hours.  No  circadian  perodicity  In  pulse  rate  and  body 
temperature  was  found.  The  reactions  of  target  monitoring  were 
analyzed  In  seven  subjects  of  the  group.  Errors  In  monitoring  and 
changes  In  amplitude  and  phase  delay  In  monitoring  the  sinus  signal 
altered  clearly  and  In  a characteristic  fashion  during  the  29  hours. 

Work  capacity  decreased  substantially  after  26  hours  as  was  shown  by 
the  monitoring  test. 

351. 

Coates,  G.  0.  Interactions  of  continuous  work  and  sleep  loss  with  the  effects 
of  circadian  rhythm-  II.  Sustained  Performance  and  Recovery  During  Continuous 
Operations.  Norfolk,  Virgina:  ITR-74-2,  1974,  pp.  21-38. 

352. 

Coates,  G.  D.,  B.  R.  Brown,  and  B.  B.  Morgan.  Interactions  of  the  circadian 
rhythm  with  the  effects  of  continuous  work  and  s1eep-II.  Proc.  Ann.  Meet. 
Human  Factors  Soc..  18th,  Huntsville,  Ala.,  1974,  p.  486. 

The  synthetic-work  approach  was  employed  In  an  Investigation  of 
the  effects  of  continuous  work  and  sleep  loss  on  sustained 
performance.  Two  crews  of  five  subjects  each  worked  continuously  for 
36  hr.,  slept  4 hr.,  and  then  returned  to  work  8 hr.  per  day.  During 
the  continuous  work  period,  one  crew  began  at  0400  hr.  and  the  other 
at  1600  hr.  Performance  decrements  were  found  to  be  significantly 
larger  (331  as  compared  to  lit)  and  recovery  to  be  less  complete  for 
the  crew  whose  continuous  work  began  during  the  low  portion  of  the 
subjects'  circadian  rhythm  (I.e. , the  crew  beginning  at  0400  hr.). 
Comparisons  of  these  data  with  other  continuous-work  Investigations 
(In  which  the  continuous-work  periods  began  at  other  points  of  the 
subjects'  circadian  rhythm)  Indicate  that  the  circadian  rhythm 
constitutes  a primary  determiner  of  man's  ability  to  work  continuously 
for  extended  periods  of  time  and  to  recover  from  the  effects  of 
continuous  work  and  sleep  loss. 


353. 

Coates.  G.  D.,  et  al.  Human  performance  during  extended  periods  of  continuous 
work-III.  Proc.  Ann.  Meet.  Human  Factors  Soc..  16th.  Los  Angeles.  1972.  pp. 
189-190  . 


The  extent  to  which  man  can  work  without  sleep  for  relatively 
extended  periods  of  time,  on  either  an  occasional  or  a regularly 
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scheduled  basis*  and  still  maintain  acceptable  levels  of  performance 
efficiency*  health*  motivation*  etc.* cannot  be  specified  at  present* 
Although  something  Is  known  about  the  effects  of  certain  of  the 
relevant  variables  on  performance*  there  are  many  unanswered  questions 
regarding  man's  endurance  In  the  continuous-work  situation— questions 
such  as  the  following:  (a)  How  long  will  he  be  able  to  maintain  his 
performance  efficiency?  (b)  How  will  his  performance  efficiency  fall 
as  a function  of  the  combined  effects  of  the  continuous  work  and 
associated  sleep  loss?  (c)  To  what  extent  will  performance  efficiency 
be  affected  by  the  Interaction  of  the  work-rest  schedule  and  man's 
circadian  rhythm?  (d)  What  Is  the  foim  of  the  "recovery"  pattern 
especially  as  a function  of  different  lengths  of  the  rest  period 
provided  between  continous  work  sessions?  Researchers  at  the 
Performance  Research  Laboratory  of  the  University  of  Louisville  have 
Instituted  a series  of  Investigations  that  will  provide  answers  to 
some  of  these  questions. 


354. 

Coates*  L.  0.  * et  al.  A Study  of  Biorhythm  Cycles,  Astrological  Forecasts*  and 

Personal  Evaluations.  7op11n*  Ho:  rtissburi  southern  :>cace  Loiiege*  iU72. 

355. 

Cobb*  S.,  and  R.  M.  Rose.  Hypertension*  peptic  ulcer  and  diabetes  In  air 

traffic  controllers.  J.  Amer.  Med.  Assoc.  224:489-492*  1973. 

356. 

Cobb,  W.  W.  Human  Performance  of  Biorhythms.  (M.S.  Thesis)  Naval 

Postgraduate  School,  Monterey*  CA.*  1974*  pp.  42. 

Four  subjects*  unaware  of  their  biorhythmic  cycles  were  given  a 
dally  psychomotor  performance  task  for  iS  weeks.  Dependency  of 
performance  levels  on  biorhythmic  phase  was  tested  by  chi  square 
contingency  analysis.  A regression  analysis  was  also  performed  to  see 
If  performance  cycles  corresponded  to  a sinusoidal  wave  form.  The 
analysis  revealed  a significant  dependency  (.05)  of  performance  upon 
the  28  and  33,  but  not  23  day  cycles.  No  significant  relationship 
was  found  between  performance  levels  and  critical  days.  The 
hypothesis  that  performance  cycles  were  sinusoidal  was  rejected.  The 
finding  of  28  and  33  day  biorhythm  cycles  and  performance  dependency 
Is  compromised  by  the  small  number  of  subjects*  the  lack  of 
specification  of  whether  circadian  time  of  day  effects  were  controlled 
and  the  lack  of  periodicity  analyses  to  determine  If  the  three  cycles 
were  actually  present  In  the  data. 


357. 

Cohen,  0.  Biorhythms  In  Your  Life.  Greenwich,  Conn.:  Fawcett  Publications* 
1976*  pp. 

The  author  provides  a basic  Introduction  on  biorhythm  methodology* 
the  history  of  Its  development  and  also  discusses  circadian  rhythms* 
jet  lag*  sleep*  ultradlan  rhythms  and  the  relationship  between  rhythms 
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«nd  psychopathology.  Flless  first  presented  evidence  for  23  and  28 
day  biorhythm  cycles.  Swoboda  first  stresses  the  Importance  of 
"criticar  days  and  the  Teltscher  collected  evidence  for  33  day  cycles 
In  Intellectual  functions.  Mersey  later  Identified  mood  cycles  In 
Industrial  workers  which,  although  Imprecise,  became  Identified  with 
Teltschers  33  day  cycles.  Thommen.  who  was  a student  of  Swoboda  became 
responsible  for  the  recent  biorhythm  revival.  The  author  quotes  Y. 
Shlral  of  the  Japan  Biorhythm  Assoc,  who  claims  the  Meljl  Bread  Co. 
reduced  driver  accidents  by  4St  through  biorhythm  practices  and  claims 
the  the  Seibu  Transport  Co.  of  Japan  transferred  keypunch  operators  to 
less  sensitive  jobs  on  critical  diofs.  resulting  In  a 35f  reductions  In 
errors.  He  emphasizes  that  biorhythm  cycles  are  not  absolute  but  only 
Influence  tendencies  In  performance  and  accidents.  However,  he 
confuses  the  relationship  between  biorhythms  and  the  more  empirically 
derived  studies  on  circadian  and  Inf radian  rhythmicity  by  falling  to 
point  out  the  Important  distinctions,  both  theoretical  and 
experimental,  between  the  biorhythm  model  and  the  results  of 
biological  rhythm  research. 


358. 

Colllgan.  M.  J..  I.  J.  Frockt.  and  D.  L.  Tasto.  Frequency  of  sickness  absence 
and  worksite  clinic  visits  among  nurses  as  a function  of  shift.  Applied 
Ergonomics  10:  79-85.  1979. 

The  records  of  1219  nurses  on  permanent  day*  afternoon,  night  and 
rotating  shifts  were  examined  to  assess  the  effects  of  shift  schedule 
on  sick  leave  and  frequency  of  worksite  clinic  visits.  Relative  to 
nurses  on  permanent  shifts,  rotators  exhibited  a significantly  high 
rate  of  clinic  visits  and  took  more  sick  days  for  serious  Illnesses. 


359. 

Collins.  W.  E.  Some  effects  of  sleep  deprivation  on  tracking  performance  In 
static  and  dynamic  environments.  Appl.  Psychol . 62:  567-573.  1977. 

The  Influence  of  34  and  55  hou'^s  of  sleep  deprivation  on  scores 
derived  from  manually  tracking  the  localizer  needle  on  an  aircraft 
Instrument  was  assessed  under  both  static  (no  motion)  and  dynamic 
(whole-body  angular  acceleration)  laboratory  conditions.  In  each  of 
two  experiments.  20  young  men.  equally  divided  Into  control  and 
sleep-deprived  groups,  were  tested  In  an  enclosed  rotator,  In  darkness 
with  the  exception  of  the  Illuminated  tracking  display*  Significant 
decrements  In  dynamic  performance  were  uniformly  obtained  after  24 
hours  and  more  of  sleep  loss.  Static  scores  were  less  consistently 
Impaired.  Administration  of  d-amphetamlne  after  55  hours  of  sleep 
loss  reduced  error  for  both  static  and  dynamic  tracking;  although 
performance  at  both  tasks  remained  poorer  for  sleep-deprived  subjects, 
their  static  tracking  scores  did  not  differ  significantly  from  control 
subjects  2 hours  after  drug  Ingestion.  The  study  Indicates  clear 
performance  Impairment  for  an  aviatlon-rmlated  task  after  a night 
without  sleep.  Impairment  Is  generally  greater  with  Increasing 
amounts  of  sleep  loss  and  Is  more  pervasive  In  motion  environments. 
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360. 

Collins,  W.  E.  Performance  effects  of  alcohol  Intoxication  and  hangover  at 
ground  level  and  at  simulated  altitude*  Aviat*  Space  Environ.  Med.  SI: 
327-335.  1980. 


361. 

Collins,  W.  E.,  and  M.  0.  Chiles.  Laboratory  Performance  During  Acute 
Intoxication  and  Hangover,  Oklahoma  City,  wla*:  Civil  Aeromeolcal  Inst., 
FAA-AH7g-7,1^,  30  pp. 

Eleven  private  pilots  (7  men  and  4 Momen)  were  recruited  and 
trained  on  the  multiple  task  performance  battery  (KTP6)  static  and 
dynamic  tracking  of  a localizer /glide  slope  Instrument.  A speech 
Intelligibility  test  (single  words  with  a background  of  aircraft 
noise)  and  use  of  the  Intoxilyzer.  The  experiment  comprised  four  test 
sessions  (vodka,  bourbon,  placebo,  and  control  sessions)  held  at 
weekly  Intervals.  Results  showed  clear  deleterious  effects  of  alcohol 
on  the  MTPB  and  the  tracking  tasks  Immediately  following  drinking. 
During  the  morning  (hangover)  tests,  scores  on  the  MTPB  and  on  the 
static  and  dynamic  tracking  tasks  showed  small  circadian  effects 
(scores  were  better)  without  Impairment  due  to  the  alcohol.  Speech 
perception  scores  were  unaffected  by  alcohol;  scores  were  always  best 
In  the  evening  and  poorest  In  the  morning.  There  were  no  congener 
effects.  These  results  thus  offer  no  evident  contrary  to  the  "eight 
hour  rule". 


362* 

Colis,  J.  E.  Tests  to  Measure  Performance  Changes  In  Mental  Work.  Corporate 
Engineering  Laboratory,  BrHIsh  Steel  Corporation,  Report  N.  CEL/HF/19/72, 
1972,  6 pp. 

Body  temperature  follows  a distinct  circadian  rhythm  — highest  In 
the  evening,  lowest  In  the  early  morning  — and  various  authors  have 
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established  that  performance  In  simple  psychological  tests  follows  a 
similar  rhythm.  The  aim  of  this  study  has  been  to  corroborate  this 
finding  In  short  tests  which  could  be  used  In  the  steel  Industry  to 
predict  performance*  In  place  of  the  more  difficult  and  job  specific 
measures  such  as  production  rate  and  error  rate*  Three  five-minute 
tests  were  developed:  (a)  Cancelling  vowels  In  random  letters,  (b) 
cancelling  'e's  and  *k*s  In  normal  prose,  (c)  Wilkinson's  simple 
addition.  It  was  discovered  that,  although  there  was  a correlation 
between  performance  and  temperature  over  twenty-four  hours,  this  was 
due  only  to  the  strong  night  time  correlation,  and  In  fact  performance 
fluctuated  randomly  during  the  day.  In  addition,  during  a continuous 
twenty-eight-hour  experiment,  a marked  temporary  Increase  In 
performance  level  was  recorded  which  coincided  with  the  arrival  of 
dawn.  This  “dawn  peak"  was  a psychological  phenomenon  not  reflected 
In  a change  In  temperature. 


363. 

Colquhoun,  W.  P.  Biological  Rhythms  and  Human  Performance.  London  and  New 
York:  Academic  Press,  ^ pp. 

364. 

Colquhoun,  W.  P.  Circadian  variations  In  mental  efficiency.  In:  Biological 
Rhythms  and  Human  Performance,  edited  by  W.  P.  Colquhoun.  New  York:  Academic 
Press,  1^/1,  pp.  3d-)6d. 

366. 

Colquhoun,  W.  P.  Diurnal  Rhythms  and  Shift  Work.  British  Association  for  the 
Advancement  of  Science  Annual  Meeting  1971,  10  pp. 


366. 

Colquhoun,  W.  P.,  editor.  Ayects  of  Human  Efficiency:  Diurnal  Rhythms  and 
loss  of  Sleep  (Preceedings  of  the  Symposium,  Strasbourg,  Pr.^  1970),  Coricfon: 
English  universities  Press,  1972,  340  pp* 

367. 

Colquhoun,  H.  P.  Body  rhythms  and  efficiency*  New  Behaviour,  1:  386-389* 
1975. 


Circadian  rhythms  do  not  only  exist  In  the  body's  physiological 
processes  but  also  In  performance  functions.  This  article  examines 
the  practical  Implications  for  the  Industrial  context  of  fluctuations 
In  performance  efficiency. 


368. 

Colquhoun,  W.  P.  Uatchkeeping  and  safety.  Proceedings  of  the  First 
International  Conference  on  Human  Factors  In  the  Design  and  Operatl^on  of 
Ships,  edited  by  D.  Anderson,  h*  Istance,  an<nTspencer.  Sweden:  (Sotheberg, 
Tm:  pp.  538-549. 

At  sea,  the  safety  of  a vessel  and  Its  occupants  depends  to  a 
large  extent  on  the  vigilance  of  those  members  of  the  crew  assigned  to 
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watchiieeplng  duties*  Experimental  studies  of  watchkeeping  have  shown 
that  performance  efficiency  varies  considerably  In  different  watches, 
and  1^.  closely  related  to  circadian  rhythms.  Alertness  will  therefore 
fluctuate  systematically  round  the  clock,  being  lowest  during  the 
night  hours;  the  Implications  for  safety  are  obvious.  Different  forms 
of  watchkeeping  schedules  are  reviewed,  and  It  Is  concluded  that  there 
Is  a strong  case  for  the  replacement  of  existing  traditional 
schedules,  with  short  and/or  rotating  watches,  by  a system  tdilch 
Involves  long,  "fixed"  watches.  Only  with  such  a system  can  the 
deleterious  effects  of  circadian  rhythms  be  mitigated.  The  Importance 
of  taking  these  rhythms  Into  account  not  only  under  present 
circumstances,  but  In  the  light  of  future  technological  developments, 
Is  emphasized* 


369. 

Colquhoun,  W.  P.  Phase  shift  In  temperature  rhythm  after  transmeridian 
flight,  as  related  to  Individual  pre-flight  phase  angle  (abstract). 
Ergonomics  21:  861,  1978. 

Further  analysis  of  temperature  rhythms  obtained  In  a study  of  38 
subjects  subjected  to  an  8 h eastward  transmeridian  flight  (Adam  et 
al.  1972)  showed  that  the  extent  to  vAHch  the  phase  of  the  rhythm  was 
shifted  after  the  flight  was  significantly  related  to  the  phase  angle 
of  the  pre-flight  rhythm.  "Late  peakers"  shifted  more  than  "early 
peakers",  and  this  difference  between  the  two  types  was  still  as  large 
after  12  days  In  the  new  time  zones  as  on  the  first  day*  Thus  the 
pre-flight  Individual  differences  In  phase-angle  failed  to  re-appear. 
It  Is  suggested  that  this  may  have  been  due  to  an  Increase  In  the 
rigidity  of  the  routine  In  the  post-flight  stage  of  the  study,  and 
that  a similar  effect  mey  also  occur  In  a switch  from  day  to 
shift-work. 


370. 

Colquhoun,  W.  P.  Introversion-extraversion  and  the  adaptation  of  the  body- 
temperature  rhythm  to  night  work  (abstract).  In:  Int.  Symp.  on  Wight-  and 

Shift-work.  5th,  Rouen,  FR.,  1980,  p.  VIII-3.  "" 

371. 

Colquhoun,  U.  P.,  and  J.  Folkard.  Personality  differences  In  body-temperature 
rhythm,  and  their  relation  to  adjustment  to  night  work.  Ergonomics  21: 
811-817,  1978. 

A re-analysis  of  Blake's  (1967)  data  Indicated  that  the  difference 
he  observed  In  the  temperature  rhythm  of  Introverts  and  extroverts  was 
considerably  more  marked  In  "neurotic"  than  In  "stable"  subjects. 

That  this  difference  may  be  related  to  the  ease  with  which  the  rhythm 
adjusts  to  a phase  change  Is  demonstrated  (a)  by  an  examination  ofthe 
persistence  of  the  pre-flight  rhythm  Immediately  after  an  8 h eastward 
time-zone  transition  (phase  advance),  and  (b)  by  an  assessment  of  the 
trends  In  temperature  during  a 12  h night  shift  (phase  delay).  In 
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both  cases  the  temperature  of  "neurotic*  extroverts  exhibited  the 

Greatest  degree  of  adjustment.  It  Is  further  shown  that  the 
emperature  of  extroverts  Is  more  variable  from  d«y  to  day  than  that 
of  Introverts.  It  Is  suggested  that,  taken  together,  these  findings 
nay  reflect  the  existence  of  an  underlying  periodicity  greater  than  24 
h In  at  least  "neurotic"  extroverts,  and  that  (to  some  extent)  this 
group  mey  correspond  with  the  "evening"  type  Identified  In  other 
research. 
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Colquhoun,  W.  P.,  S.  Folkard.  P.  Knauth.  and  J.  Rutenfranz.  Experimental 
Studies  of  Shiftwork.  Proc.  Int.  Symp.  on  Night  and  Shiftwork,  3rd, 

Dussel  doirf : Uesdeu tscher  Verlag,  1974. 
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Colquhoun,  W.  P,  and  P.  Hamilton.  Signal  Detection  Efficiency  In  the  Morning 
Hatch.  Effects  of  Prior  Sleep,  DIuminHhylhm'  And  l-itldu't."'  toTRiofl!  KOyai  ^ 
Navy  Personnel  Research  ConiiTttee  OES-lo/74,  19777  33  pp. 

An  experiment  was  carried  out  to  determine  idiether  staying  awake 
before  the  morning  (0400-0800)  watch  (a  custom  observed  In  submariners 
on  prolonged  patrols)  Is  likely  to  exert  a detrimental  effect  on 
operations  such  as  sonar  monitoring  carried  out  continuously 
throughout  the  watch.  The  main  experiment  and  control  experiment  are 
described  In  detail.  The  report  concludes  that  statistically 
significant  changes  In  performance  at  a signal  detection  task  carried 
out  continuously  during  the  morning  watch  are  produced  by  staying 
awake  rather  than  turning  In  for  4 h Immediately  beforehand. 

Different  aspects  of  performance  are  affected  In  different  ways  and  at 
different  times  within  the  watch,  but  the  most  Important  finding  Is 
probably  that  detection  rates  are  consistently  lower  during  the  second 
naif  of  the  watch  when  operators  have  had  no  prior  sleep. 
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Colquhoun,  U.  P.,  P.  Hamilton  and  R.  S.  Edwards.  Effects  of  circadian  rhythm, 
sleep  deprivation,  and  fatigue  on  watchkeeping  performance  during  the  night 
hours  (abstract).  Int.  £.  Chronoblol.  3;  15-16,  1975. 
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Colquhoun,  W.  P.,  P.  Hamilton  and  R.  S.  Edwards.  Effects  of  circadian  rhythm, 
sleep  deprivation,  and  fatigue  on  watchkeeping  performance  during  the  nignt 
hours.  In:  Experimental  Studies  on  Shlftwot^,  edited  by  H.  P.  Colquhoun,  S. 
Folkard,  P.  Knauth,  and  J.  RutenfranzT  Optaden:  Uestdeutscher  Verlag,  1975, 
pp.  29-28. 

376. 

Colquhoun,  W.  P.,  M.  H.  P.  H.  Paine,  and  A.  Fort.  Changes  In  the  temperature 
rhythm  of  submariners  following  a rapidly  rotating  watchkeeping  system  for  a 
prolonged  period.  Ergonomics  2:  861-862,  1978. 
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On-watch  readings  of  oral  temperature  were  obtained  at  hourly 
Intervals  from  submariners  during  two  continuously  submerged  voyages 
of  48  days  (fciratlon.  The  subjects  followed  a rapidly  rotating 
watchkeeping  system  of  4 h <Hity-spe11  during  the  entire  period*  In 
the  majority  of  cases*  the  amplitude  of  the  circadian  temperature 
rhythm  progressively  declined*  and  this  was  accompanied  by  a tendency 
for  the  rhythm  to  disintegrate  Into  shorter  periods  associated  with 
the  length  of  the  duty  spell  and  the  partIcuUr  pattern  of  sleep 
adopted.  On  one  voyage*  one  subject's  rhythm  showed  a tendency  to 
"free-run"*  with  a period  of  24.6  h.  It  Is  concluded  that  the  results 
give  pointers  to  the  kind  of  effect  to  be  looked  for  In  studies  of 
shl f t-workers  following  similarly  highly  Irregular  patterns  of  work. 
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Colquhoun*  W.  P.*  M.  W.  P.  H.  Paine*  and  A.  Fort.  Circadian  rhythm  of  body 
temperature  during  prolonged  undersea  voyages.  Aviat.  Space  Environ.  Med.  49: 

671-678*  1978.  

Circadian  rhythms  of  oral  temperature  were  assessed  In  12 
watchkeepers  during  a prolonged  submarine  voyage  and  compared  with  a 
"standard"  rhythm  obtained  from  nonwatchkeepers  ashore.  Initially* 
the  parameters  of  the  rhythms  were  similar  to  those  of  the  standard: 
however*  among  eight  ratings  working  4-h  watches  In  a rapidly  rotating 
cycle*  considerable  changes  In  the  rhythms  occurred  as  the  voyage 
progressed*  and  concurrent  alterations  In  sleep  patterning  were 
observed.  The  most  characteristic  change  In  the  rhythm  was  a marked 
decline  In  Its  amplitude.  In  most  subjects*  the  rhythm  also  tended  to 
depart  from  Its  original  circadian  pattern;  In  at  least  one  case*  It 
effectively  disintegrated.  One  subject's  rhythm  appeared  to  "free- 
run"  with  a period  greater  than  24  h.  A strong  circadian  rhythm  was 
maintainc’d  In  only  one  of  these  eight  subjects.  In  four  officers  whose 
watch  times  were  at  fixed  hours*  adaptation  of  the  rhythm  to  unusual 
times  of  sleep  occurred  In  2 of  3 cases  where  the  schedule  demanded 
It.  The  results  are  discussed  In  relation  to  the  design  of  optimal 
watchkeeping  systems  for  submariners. 


378. 

Colquhoun*  W.  P.*  M.  U.  Paine*  and  A*  Fort.  Changes  In  temperature  rhythm  of 
submariners  following  a rapidly  watchkeeping  system  for  a prolonged  period. 
Int.  Arch  Occup.  Environ.  Health;  42:  185-190*  1979. 

On-watch  readings  of  oral  temperature  were  obtained  at  hourly 
Intervals  from  submariners  during  two  continuously  submerged  voyages 
of  48  days  duration.  The  subjects  followed  a rapidly  rotating 
watchkeeping  system  of  4-h  duty-spells  during  the  entire  period.  In 
the  majority  of  cases*  the  amplitude  of  the  circadian  temperature 
rhythm  progressively  declined*  and  this  was  accompanied  by  a tendency 
for  the  rhythm  to  disintegrate  Into  shorter  periods*  associated  with 
the  length  of  the  duty  spell  and  the  particular  pattern  of  sleep 
adopted.  On  one  voyage*  one  subject's  rhythm  sh^d  a tendency  to 
"free-run"*  with  a period  of  24.6  h.  It  Is  concluded  that  the  results 
give  pointers  to  the  kind  of  effect  to  be  looked  for  In  studies  of 
shift-workers  following  similarly  highly  Irregular  patterns  of  work. 
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Connolly.  M.  Spontoneout  murine  mesor-Kypertenslon.  aggravated  by  social 

Isolation,  ameliorated  by  elimination  of  lighting  regimen  cycles  (abstract). 

Chronobloloola  6:  88-89.  1979. 

To  Investigate  how  lighting  and  housing  affect  the  development  of 
blood  pressure  elevation  In  the  spontaneously  mesor-hypertensive  rat 
(SMHR).  12  females  SHHR  conceived  by  mothers  kept  In  continuous  dim 
red  light  (DO)  were  reared  themselves  In  DD  (<0.1  ft  candles). 
Concomitantly  another  12  female  SHHR  were  reared  In  LD  12:12  (12h 
white  light;  12h  dim  red  light).  At  6 weeks  of  age  the  rats  were 
weaned  and  6 rats  In  each  lighting  condition  singly  housed  In  cages 
with  a running  wheel. 

Running  wheel  records  Indicate  that  the  circadian  activity  rhythms  of 
the  rats  singly  housed  In  DO  were  free-  running.  Either  the  absence 
of  white  light  or  (free-running  circadian  systems  ameliorated  the 
aggravation  of  spontaneous  mesor-hypertenslon  associated  with  social 
Isolation. 
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Connolly.  M,  S.  Absence  of  a synchronizer  results  In  Interindividual 
differences  among  the  timing  characteristics  of  circadian  blood  pressure 
rhythms  In  the  SH  rat  (abstract).  Chr>nob1olog1a  4:  105-106,  1977. 
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Conroy.  R.  T.  U.  L..  and  J.  N.  Hills.  Circadian  rhythm  and  shift  working. 

In:  Might  and  Shift  Work,  edited  by  A.  Swensson.  Stockholm:  Ints.  Occup. 
Heal  th,  Wes),  pp.  4Z-4h. 

382. 

Conroy,  R.T.W.L.,  and  H.  O'PrIan:  Diurnal  variation  In  athletic  performance. 
J.  Physiol.  236:  51,  1973. 

383# 

Cook,  F.  0.  Shiftwork.  London:  Institute  of  Personnel  Hanagement.  London: 

1954.  

384 

Cop,  F.  Triozmensko  Delo  Nasprotl  Delu  v Dnevnih  Izmenah  (Triple  shift  versus 
double  shift  work  schedule).  Organized Ja  In  kadri.  11:  383-392,  1978. 

The  author  has  used  two  working  organizations  to  determine  the 
differences  In  some  aspects  of  work  contributions  of  workers  who  work 
In  three  shifts  as  compared  to  those  who  work  In  two  daylight  shifts. 

The  findings,  which  are,  of  course,  valid  for  the  workers  of  the 
mentioned  organizations  only,  do  not  show  the  triple  shift  and  night 
s;<ft  work  In  a totally  negative  itght.  According  to  the  findings, 
the  workers  who  work  In  triple  shifts  have  more  disciplinary  offences, 
are  younger,  have  less  sick  leave,  and  sleep  less  during  their  night 
shifts  as  tne  workers  In  both  daylight  shifts  do.  The  workers  who 


wort  thr^  shifts  art  aUo  nort  satisfltd  with  thair  tamings,  do  not 
turn  down  the  night  shifts  or  rathtr  thgy  turn  than  down  lass  oftan 
than  tha  workars  on  the  daylight  shifts,  but  they  ara  lass  satisflad 
with  thair  suparlort.  The  causes  of  the  obtained  results  ara  quita 
global  and  sona  of  than  hard  to  axplaln.  Tha  two  points  that  ara  nora 
surprising  ara  lass  absantaalsn  dua  to  sickr.ass  and  graatar  work 
satisfaction  of  workars  on  tripla  shifts.  Tha  Uttar  can  be  explained 
with  considerably  graatar  earnings  of  these  workars,  because  this 
confims  tha  datamlnad  congruence  between  earnings  and  degree  of  work 
satisfaction.  Lesser  absentealsn  can  on  tha  other  hand  be  explained 
with  lower  age  limit  of  these  workars  and  a nore  thorough  selection 
with  regards  to  physical  condition  of  job  candidates,  whatever,  tha 
results  do  not  point  to  tha  abolition  of  tripla  work  shifts  by  all 
means  but  place  humanization  of  work  as  the  basic  reason  for  gradual 
abolition  of  this  particular  organizational  form  of  work* 


365. 

Corker,  C.  S.,  and  0.  Exley.  Dally  changes  In  urinary  testosterone  levels  of 
the  human  male.  Endocr.  40:  255 -256,  1968. 

Urine  samples  wre  coIlKted  from  2 men  dally  for  42  days.  Visual 
Inspection  of  the  data  revealed  about  a 9 day  cycle  In  testosterone. 


386. 

Costa,  G.,  P.  ApostoH,  F.  O'Andrea,  and  E.  Gaffurl.  Gastrointestinal  and 
neurotic  disorders  In  textile  shift-workers  (abstract).  In:  Int.  Symp.  on 
Night-  and  Shift-work.  5th,  Rouen,  FR.,  1980,  IV-2. 
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Costa,  G.,  and  E.  Gaffurl.  Percezlone  dello  sforzo  fisico  In  differenti 
condizoni  d1  lavoro  (The  perception  of  physical  performance  In  d1 fferent  work 
conditions),  lav.  Uman  27:  129-138,  1975. 

Borg's  method  of  rating  of  perceived  exertion  was  used  by  the 
authors  to  evaluate  physical  performance  of  healthy  subjects  during 
exercise  tests  performed  either  In  the  night  or  daytime  and  Involving 
different  muscle  masses  (upper  and  lower  limbs).  The  reliability  of 
the  perceived  exertion  rating  scale  was  confirmed.  The  perception  of 
physical  performance  appeared  to  be  higher  at  night  and  when  upper 
limbs  were  Involved. 


388. 

Costa,  G.,  E.  Gaffure,  G.  Perfranccschl , and  M.  Tansella.  Psychological  and 
physical  performance  In  hospital  shift  workers  (abstract).  Ergonomics  21: 
o64,  1976. 


Eighteen  normal  mle  nurses  gave  a self-rating  of  tiredness, 
performed  a battery  of  simple  psychomotor  tasks  (Simple  Auditory 
Reaction  Time,  Digit  Symbol  Substitution  Test,  Gibsoit  Spiral  Maze)  and 
were  subjected  to  several  physiological  tests  (ventilation. 
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respiratory  frequency*  oxygen  Intake,  carbon  dioxide  elimination, 
heart  rate,  systolic  blood  pressure),  during  the  sixth  (last)  day  of 
each  of  their  three  shifts  (morning,  afternoon,  night),  which  rotated 
weekly.  The  shifts  were  sampled  In  an  order  which  fully  controlled 
for  practice  effects,  and  all  measures  were  taken  between  the  third 
and  the  fifth  hour  after  beginning  work  (which  started  at  0600  h,  1400 
h,  and  2200  h,  respectively.)  The  subjects  rated  themseleves  as  most 
tired  on  the  night  shift,  and  reported  higher  perceived  exertion  (Borg 
scale)  on  this  shift  during  work  on  a bicycle  ergometer  at  different 
loads.  However,  of  the  performance  and  physiological  variables  only 
heart  rate  and  blood  pressure  showed  significant  Intershift 
differences;  both  of  these  Indices  were  lower  In  the  night,  the  former 
at  rest  and  with  a light  workload,  the  latter  with  a heavy  workload. 

A very  high  correlation  was  found  between  perceived  exertion  and  heart 
rate  In  all  three  shifts,  while  a negative  correlation  between 
perceived  exertion  and  extraversion  emerged  In  the  night  shift  only. 
The  results  are  Interpreted  as  suggesting  that,  on  most  of  the  tests 
used,  adaption  to  the  night  shift  In  this  weekly  rotating  shift  system 
had  occurred  by  the  sixth  day. 


389. 

Costa,  6.,  E.  Gaffurl,  G.  Perfranceschl , and  M.  Tansella.  Reentrainment  of 
diurnal  variation  of  psychological  and  physiological  performance  at  the  end  of 
a slowly  rotated  shift  system  In  hospital  workers.  Int.  Arch.  Occup.  Environ. 
Health  44;  165-175,  1979. 

390. 

Costello,  L.,  and  R.  Ogllvle.  Effects  of  REM  deprivation  on  performance 
(abstract).  Sleep  Res.  3:  149,  1974. 

391. 

Cowley,  S.  C.  They've  got  rhythm.  Newsweek,  Sept.  15,  1975,  p.  83. 

392. 

Cox,  J.  J.  Train  control,  stress  and  vigilance.  Human  Factors  In 
Transportation.  Proc.  of  10th  Ann.  Conf.  Ergonomics  Soc.  of  Australia  and  New 
Zealand,  sidnqy,  1973,  pp.  16.1-16.22. 

Modern  railway  operation,  due  to  the  control  exerted  on  the 
man-machine-pathway  combination  Is  the  safest  form  of  transportation 
available.  The  vehicle  pathway  Is  continuously  monitored  and  Is  the 
safest  form  of  transportation  available.  The  vehicle  pathway  Is 
continuously  monitored  and  both  front  and  rear  end  protection  Is 
provided  to  prevent  collisions.  Man,  although  extremely  versatile.  Is 
known  to  be  the  weak  link  In  the  man-machine  system.  Consequently, 
his  duties  need  to  be  arranged  to  match  his  capabilities.  An 
examination  Is  made  of  human  factors  research,  levels  of  arousal, 
driving  efficiency  and  driver  stress,  fatlguel  diurnal  oody  rhythm  and 
vigilance.  Accident  rates  have  been  progressively  reduced  by  various 
safeguards  Instituted  to  guard  against  human  failure.  Measurements  of 
driver  stress  under  various  conditions  of  high  speed  train  operations 
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have  been  carried  out  and  changes  In  stress  In  accordance  with  train 
speed,  hours  of  duty*  periods  of  rest,  and  day  and  night  operation 
determined*  There  are  a series  of  ralliMty  signalling  and  vigilance 
control  devices  which  successively  reduce  the  effect  of  the  human 
element.  These  have  further  developed  Into  semi-automatic  and 
automatic  train  operation. 


393. 

Craig.  A.  Discrimination,  temoerature.  and  time  of  day.  Human  Factors  21: 

61-68,  1979. 

Performance  measures  on  a binary  discrimination  task  and  oral 
temperature  readings,  were  obtained  at  two  times  of  day,  morning 
(0800)  and  evening  (2000),  from  each  of  18  subjects.  On  the  task, 
subjects  reported  not  only  the  presence  of  signal  A or  B,  but  also  the 
confidence  of  their  Judgment.  A signal  detection  theory  approach  was 
applied  to  derive  separate  measures  of  perceptual  efficiency  and  of 
the  decision-making  aspects.  THe  results  Indicate  that  whereas 
efficiency.  Indexed  by  d',  did  not  alter  significantly  between  testing 
times,  both  response-bias  and  report  confidence  did  change 
significantly,  the  latter  showing  an  Increase  between  morning  and 
evening.  A parallel  rise  In  oral  temperature  was  also  found,  and 
significant  correlations  between  temperature  and  confidence  were 
obtained.  Neither  efficiency  nor  response-bias  was  significantly 
related  to  temperature.  The  results  are  discussed  In  relation  to 
previous  reports  that  perceptual  efficiency  and  body  temperature  are 
related  and  change  In  parallel  during  the  normal  waking  day* 


394. 

Crawford,  J.  P.  Endogenous  anxiety  and  circadian  rhythms.  Brit.  Hed.  J.  1: 
662,  1979. 

39^. 

Crockett,  P.  W.  Effects  of  Fatigue  on  Human  Behaviour  and  Performance  (A 
B1 bl 1 ography  w1 th  Abstracts).  Report  for  1964-Feb.  19/b.  Report  No.  NTT5 
P5-7B/012B/9GXrT97!r.-  TSFpp. 

The  bibliography  cites  references  on  the  psychological  and 
physiological  effects  of  mental  and  physical  fatigue.  Reports  on 
circadian  rhythm,  work-rest  schedules,  sleep  deprivation,  and  physical 
endurance  are  Included.  (This  updated  bibliography  contains  164 
abstracts,  29  of  which  are  new  entries  to  the  previous  edition). 
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Crump,  J.  H.  Review  of  stress  In  air  traffic  control:  Its  measurement  and 

effects,  Aviat.  Space  Environ.  Med.  50:  243-248,  1979. 

A large  number  of  Investigations  have  been  conducted  Into  air 
traffic  control  stress  by  researchers  from  different  disciplines.  This 
paper  attempts  to  draw  together  this  work  by  examining  the 
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methodologies  end  Interpretations  that  have  been  use.  The  purpose  of 
this  approach  Is  to  highlight  the  research  gaps  In  the  area  and  to 
emphasize  the  need  for  greater  Interdisciplinary  cooperation  In  the 
measurement  and  Interpretation  of  air  traffic  control  stress* 


397. 

Currie.  W.  Change  your  Zeitgebers  and  beat  Jet  lag.  Peninsula  Times  Tribune. 

15  May.  1979. 

398. 

Curtis.  G.  C.»  and  N.  L.  Fogel.  Random  living  schedule:  psychological  effects 

In  man.  J^.  Psychlat.  Res.  9:  315-323.  1972. 

399. 

Curtis.  G.  C..  and  0.  NcEvoy.  Low  amplitude  Infradlan  cycles  of  urinary 

1 7 -hydroxycorti costeroid  excretion  In  a healthy  male  subject.  In: 

Chronoblology.  edited  by  L.  E.  Scheving.  F.  Halberg.  and  J.  E.  Pauly.  Tokyo: 

Igaku  sHotn.  Ltd. . 1974.  pp.  523-526. 

In  measurements  made  on  a healthy  male  subject  over  a 4 year 
period,  low  amplitude  cycles  of  urinary  17-OHCS  excretion  with  periods 
of  about  8.5.  11.  18.  30.  45.6.  52.  182  and  348  days  have  been 
tentatively  detected. 


400. 

Cuthbert.  B.  N..  R.  C.  Graeber.  H.  C.  Sing,  and  R.  J.  Schneider.  Rapid 
Transmeridian  Deployment:  II.  Effects  of  Age  and  Countermeasures  Under  Flsld 
Conditions.  Proceedings  of  the  XIV.  Internet*!.  Conf.  of  the  International 
Soc.  for  Chronoblology. ’Tfimnover.  FRG,  3012,  1979,' WTan:  H Ponte,  19S6,  In 
press. 

401. 

Cuthbert.  B.  N. . R.  C.  Graeber,  H.  C.  Sing,  R.  J.  Schneider.  F.  J.  Sodetz,  and 
C.  F.  Tyner.  Rapid  transmeridian  deployment  II.  Effects  of  age  and 
countermeasures  under  field  conditions  (abstract).  Chronoblologla  6:  91. 

1979.  


This  study  attempted  to  replicate  and  extend  previous  findings 
that  chronoblologic  countermeasures  hastened  circadian  adjustment 
following  rapid  transmeridian  flight.  The  experiment  comprised  2 
parts,  both  conducted  during  a winter  field  deployment  exercise  from 
Kansas  to  West  Germany  (*7  h).  The  experimental  group  underwent  the 
countermeasures  as  described  previously;  controls  followed  normal 
military  airlift  procedures.  Part  2 compared  a group  of  31  young 
subjects  (mean  age  21.0  years)  with  29  older  subjects  (mean  age  34.2 
years)  following  deployment  without  any  countermeasures.  They 
completed  an  extensive  cognitive  test  battery  at  each  session  In 
addition  to  the  test  In  part  1.  Despite  arduous  field  conditions  the 
countermeasures  again  reduced  the  amount  of  subjective  fatigue  for  48 
h following  arrival.  Encoding-  decoding  performance  diminished  In 
both  part  1 groups  after  deployment  but  was  not  differentially 
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affected  by  the  countenwasures.  Perfomance  on  most  part  2 cognitive 
tasks  deteriorated  following  arrival  and  then  gradually  recovered* 
depending  on  the  task,  over  24  to  72  h.  Some  suggestion  of  circadian 
patterning  emerged  from  these  data,  but  there  were  no  consistent  age 
effects  except  that  the  older  group  slept  less  In  both  Kansas  and 
Germany. 
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Cutler  N.  R.  and  H.  B.  Cohen.  The  effect  of  one  night's  sleep  loss  on  mood  In 
normal  subjects.  Comprehensive  Psychiatry  20:  61-66,  1979. 

403. 

Cymerman,  A.,  R.  Francesconi,  and  S.  Robinson.  Alteration  of  diurnal 
rhythmicities  of  urinary  3-methoxy-4-hydroxyphenyglycol  (MHPG)  and 
vanlllylmandellc  acid  (VNA)  In  man  during  cold  exposure.  Fed.  Proc.  33:  245, 
1974. 

Six  males  (19-23  yrs.)  underwent  a 7-day  stabllliatlon  period  with 
respect  to  diet  and  temperature  (22C),  followed  by  a 2-day  exposure  to 
15C  and  a 2-day  recovery  period  (22C).  Urine  collections  were  made 
every  8 hours  commencing  at  2300  hours;  MHPG  and  VMA  were  assayed 
using  gas-liquid  chromatography*  During  the  stabilization  period  a 
diurnal  rhythmldty  was  demonstrated  for  MHPG  and  VMA  with  maxima  at 
0700-1500  hours.  Creatinine  also  exhibited  a diurnal  rhythmldty, 
peaking  during  2300-0700  hours*  Mean  excretion  per  mg  creatinine 
CSE)  for  MHPG  and  VNA  was  0.67±0.04  ug  and  2.6±  1.6  ug,  respectively. 

Cold  exposure  abolished  the  rhythms  for  MHPG,  VMA  and  creatinine  and 
caused  a 25-30t  Increase  In  MHPG  excretion.  In  contrast,  VMA 
excretion  was  not  Increased  during  cold  exposure.  The  3 subjects  with 
the  highest  ItIPG  excretion  during  the  stabilization  period  (0.90  ± 

0.06  ug/mg  creatinine)  showed  no  significant  change  In  MHPG  excretion 
during  cold  exposure,  while  the  3 subjects  with  the  lowest  MHPG 
excretion  (0.50^0.38  ug/mg  creatinine)  had  significant  Increases 
(0.75  + 0.3  ug/mg  creatinine,  P<0.02).  The  finding  that  MHPG  was 
Increased  In  the  cold  without  a corresponding  Increase  In  VMA  further 
supports  the  concept  that  ItiPG  excretion  In  urine  may  be  Indicative  of 
changes  In  catechol rnnlne  metabolism  In  the  central  nervous  system. 


404. 

Czelsler,  C.  A.  Human  Circadian  Physiology;  Internal  Organization  of 
Temperature,  Sleep-wake  and  Neuf^ndocHne  RhytKros 'Wohlto'^d  (n  an  Environment 
Free  of  Time  Cues  tPh."!).  dissertation).  StanfordUn1vers)ty»T975',  345  pp. 
(abstract  In  Dfs's.  Abst.  39:  4205-8,  1979). 

405. 

Czelsler,  C.  A.,  G.  S.  Richardson,  R.  Coleman,  W.  C.  Dement,  and  E*  0. 
Weltzman.  Successful  non-drug  treatment  of  delayed  sleep  phase  syndrome  with 
chronotherapy:  resettlno  a biological  clock  In  man  (unpublished  abstract, 
persona!  connunl cation  with  Or.  Weltzman,  Nonteflore  Hospital,  Bronx,  N.  Y.)* 
APSS,  1979. 
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406. 

Cze1s1er»  C.  A.,  G.  S.  Richardson,  M.  C.  Noore-Ede,  and  E.  D.  Weltzman. 

Entrainment  of  human  circadian  rhythms  by  light  dark  cycles:  a reassessment. 

Proc.  Amer.  Soc.  Photoblology.  1978, 

407. 

Czelsler,  C.  A.,  E.  D*  Weltzman,  M.  C.  Moore-Ede,  and  A.  L.  Krauss. 

Relationship  of  the  circadian  rl^thms  of  skin  and  core  bo<1y  temperatures  under 

entrained  and  free-running  conditions  In  man.  Fed.  Proc.  36:  4z3,  1977. 

It  Is  generally  accepted  that  the  major  mechanism  underlying  the 
circadian  rhythm  of  core  body  temperature  Is  one  of  dally  changes  In 
heat  loss  from  the  extremities  rather  than  variations  In  metabolic 
heat  production.  Temperatures  of  S normal  young  adult  male  Ss  Mere 
recorded  every  minute  for  95  24-hr  periods.  Including  two  weeks  each 
In  an  environment  free  of  time  cues,  when  each  S developed  a free- 
running  period  length  (FRPL)  greater  than  24  hrs.  Instead  of  the 
steep  fall  of  rectal  temperature  (Tr)  which  follows  bedtime  under 
entrained  conditions,  Tr  began  falling  4 to  8 hours  before  bedtime 
and  then  rose  during  the  latter  half  of  sleep  In  ^s  with  a FRPL  near 
25  hrs.  Wrist  skin  temperature  (Ts)  and  Tr  concurrently 
measured  for  25  days  each  In  two  Ss.  Short  term  (ultradlan)  rhythms 
were  often  seen  In  both  Tr  and  Ts  "9  both  sleep  and  waking.  A 
sharp  rise  In  T<  just  preceding  a steep  Tr  decrease  occurrred 
during  every  polygraphically  monitored  sleep  period,  both  entrained 
and  FR.  However,  under  FR  conditions  the  progressive  Tf  fall  prior 
to  bedtime  and  the  subsequent  Tr  rise  during  sleep  were  not 
accompanied  by  a similar  reciprocal  T$  change.  This  dissociation 
suggests  that  a circadian  oscillation  Independent  of  heat  loss  from 
the  extremities  may  be  a significant  component  of  the  Tr  rhythm 
under  FR  conditions,  whereas  the  circadian  rise  of  Ts  appears  to  be 
tied  to  sleep  or  some  event  correlated  with  sleep. 


408. 

Czelsler,  C.  A.,  E.  D.  Weltzman,  M.  C.  Moore-Ede,  R.  E.  Kronauer,  J.  C. 
Zimmerman  and  C.  Campbell.  Human  sleep;  Its  duration  and  structure  depend  on 
the  Interatlon  of  two  separate  circadian  oscillators.  (Unpublished  abstract, 
personal  communication  with  Dr.  Weltzman,  Monteflore  Hospital  Medical  Center, 
Bronx,  N.  Y.). 

409. 

Czelsler,  C.  A. , J.  C.  Zlrnmeman,  0.  Ronda,  M.  C.  Moore-Ede  and  E.  D. 
Weltzman.  Timing  of  REM  sleep  Is  coupled  to  the  circadian  rhythm  of  body 
temperature  In  man.  (Unpublished  abstract,  personal  communication  with  Dr. 
Weltzman,  Monteflore  Hospital  Medical  Center,  Bronx.  N.  Y.). 
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410. 

Daan,  S.  Tonic  and  phasic  effects  of  light  In  the  entrainment  of  circadian 
rhythms.  Ann.  N[.^.  Acad.  $c1.  290:  S1-S9,  1977. 

411 

Daan.  S.,  and  C.  Berde.  Two  coupled  oscillators:  simulations  of  the 
circadian  pacemaker  In  mammalian  activity  rhythms.  J.  Theor.  Biol.  70: 
297-313,  1978.  

In  the  activity  rhythms  of  captive  small  mammals  a variety  of 
features,  most  notably  "splitting**,  suggest  that  two  coupled 
oscillators  may  constitute  the  pacemaker  system  which  underlies  the 
rhythms.  A phenomenological  model  proposed  by  Pittendrigh  Is 
developed  and  expanded  here  using  an  explicit  quantitative  structure. 

It  Is  found  that  such  a system  can  simulate  several  qualltlative 
features  In  the  experimental  data:  the  Interdependence  of 

free-running  period  (tau)  and  activity  time  (a)  with  changing  light 
Intensity  described  In  Aschoff's  rule,  after-effects  on  tau  and  a of 
prior  conditions,  and  the  occasional  existence  of  two  stable  phase 
relationships,  with  different  tau  values  for  a given  light  Intensity* 
as  observed  In  "splitting".  It  Is  hoped  that  the  model  will  suggest 
experiments  aimed  at  the  elucidation  of  the  physiological  basis  of 
these  phenomena. 


412 

Daan,  S.,  D.  Damassa,  C.  Pittendrigh,  and  E.  Smith.  An  effect  of  castration 
and  testosterone  replacement  on  a circadian  pacemaker  in  mice.  Proc.  Nat'l 
Acad.  Sd.  USA.  72:  3744-3747,  1975. 

Castration  of  mice  In  freerunning  conditions  (total  darkness,  00) 
causes  a reduction  of  running  wheel  activity  In  the  beginning  of  the 
active  period  and  stimulates  activity  at  the  end  of  (tau). 
Simultaneously,  the  period  of  the  freerunning  rhythm  Is  Increased. 

Both  effects  are  abolished  by  Implanatlon  of  a Silastic  capsule  from 
which  a physiological  dose  of  testosterone  Is  released  at  a constant 
rate.  The  results  are  tentatively  explained  by  differential  endocrine 
1nfluku.:es  on  two  oscillating  components  In  the  pacemaker  of  the 
circadian  activity  rhythm. 


413 

Daan,  S. , and  C.  S.  Pittendrigh.  A functional  analysis  of  circadian 
pacemakers  In  nocturnal  rodents.  III.  Heavy  water  and  constant  light: 
homestasis  of  frequency?  Comp.  Physiol.  106:  267-290,  1976. 

414 

Daftuar,  N.,  and  J.  K.  Sinha.  Sleep  deprivation  and  human  performance. 
Psychol ogla;  15:122-126,  1972. 
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415 

Oahlgren,  K.  Studies  of  sleep  anong  permanent  night  workers  and  shiftworkers 
Ergonomics  21:  873,  1978. 


The  quantity  and  quality  of  sleep  In  workers  on  permanent  night 
work  was  compared.  In  the  laboratory,  with  that  In  workers  on  a 
rotating  day  and  night  shift  system.  Polygraphic  records  of  EE6,  EOG 
and  EMG  were  made,  self-recorded  sleep  length  diaries  were  kept,  and 
measures  of  subjective  sleep  quality  were  taken.  Three  day  and  one 
night  sleeps  were  observed.  The  day  sleeps  were  at  the  beginning,  at 
the  end  and  Immediately  fol owing  the  night  shift  week.  Night  sleep 
was  measured  on  an  off-day.  For  each  observed  sleep,  body  temperature 
was  measured  at  three-hour  Intervals  during  the  waking  period 
preceding  and  following  It,  and  continuously  during  the  sleep  Itself. 

The  urinary  excretion  of  catecholamines  was  also  measured  for  each 
sleep  period. 

In  general,  the  results  show  that  the  permanent  night  workers  were 
better  adjusted  to  night  work  than  the  rotating  shift  workers,  both 
with  regard  to  the  adjustment  of  the  bod|y  temeprature  rhythm  and  the 
quantity  and  quality  of  sleep. 


416 

Dahlgren,  K.  Adjustment  of  circadian  rhythms  to  rapidly  rotating  shift-work  - 

a field  study  of  two  shift  systems  (abstract).  In:  Int.  Symp.  on  Night-  and 

Shift-  work.  5th,  Rouen,  FR.,  1980,  p.  VII-1. 

417 

Dailey,  J.  T.  Management  factors  In  reducing  ATCS  stress.  International 

Symposium  on  Air  Traffic  Control.  Stockholm,  March,  1976,  p.  i4-lb. 

418 

Dale,  A.  Biorhythm.  New  York:  Kangaroo  Books,  1976,  191  pp. 

This  book  Is  a basic  Introduction  to  rhythmicity  In  general. 

Including  the  biorhythm  method,  biorhythm  charting  methods,  circadian 
rhythmirlty,  jet  lag,  shift  work.  The  author  presents  a set  of  simple 
performance  tests  the  reader  can  perform  over  a period  of  time  to 
establish  the  relative  amplitudes  and  cycle  lengths  of  Individual 
rhythms  with  the  objective  of  allowing  the  Individual  to  adjust  dally 
activity  levels  according  to  the  phase  of  the  self-measured  cycles. 

The  book  emphasizes  the  biorhythm  method  although  the  author  does  not 
openly  endorse  the  FI  less  biorhythm  method.  However,  the  author 
derives  no  clear  distinction  between  the  Flless  biorhythm  and 
biological  rhythm  data  In  the  scientific  literature.  The  author  notes 
that  Wilhelm  Flless,  and  associate  of  Freud,  was  also  responsible  for 
a theory  of  mental  Illness  based  on  the  presence  of  so-called 
■•interior  genital  cells"  In  the  nose  and  that  Flless  treated  emotional 
problems  by  applying  cocaine  to  the  nasal  mucosa. 


419. 

Danguir,  J.,  and  S.  Nicolaldls.  Sleep  and  feeding  patterns  In  the  ventromedial 
hypothalamic  lesioned  rat.  Physiol.  Behav.  21;  769-777,  1978. 

420. 

David,  J.,  R.  S.  Grewal,  and  G.  P.  Maple.  The  effect  of  a reversed  cycle  of 
sleep  and  wakefulness  on  diurnal  EEG  patterns  In  rhesus  monkeys.  Life 
Sciences  12:  297-305,  1973. 

The  modification  of  established  daytime  EEG  patterns  in  four 
Rhesus  monkeys  was  effected  by  a reversal  of  the  sleep-waking  cycle. 

The  lighting  regimen  was  automatically  controlled  on  a 12  h light,  12  h 
light,  12  h dark  period  and  was  phase  shifted  through  IBO  for  a 
three  month  period.  A progressive  and  significant  reduction  in 
wakefulness  with  a concomitant  Increase  In  sleep,  along  with  the 
emergence  of  cyclic  REM  episodes  occurred  during  reversal.  A decrease 
In  the  latency  to  onset  of  sleep  and  the  REM  state  was  also  observed. 
Behavioural  observations  suggested  that  motility  was  predominant 
during  the  lighted  period.  The  EEG  patterns  returned  to  baseline 
conditions  when  the  normal  lighting  regimen  was  relmposed. 


421. 

Davies,  D.  G..  Human  Problems  in  Shift  Work.  Journal  of  the  Iron  and  Steel 
Institute.  209:  114-120,  1971. 

The  author  discusses  the  physiological  and  psychological  effects 
of  shift  work  in  the  light  of  existing  literature  and  attempts  to 
determine  optimum  shift  systems  on  the  basis  of  recorded  data  on 
sickness  and  absenteeism  rates  and  work  performance  for  various 
sectors  of  industry. 


422. 

Davis,  C.  T.  M. , and  A.  0.  Sargent:  Circadian  variation  in  physiological 
responses  to  exercise  on  a stationary  bicycle  ergometer.  Brit.  J_.  Industr. 
Med.  32;  110-114,  1975. 

423. 

Davydov,  G.  I.,  and  V.  V.  Antipov.  Some  general  principles  of  studying  the 
combined  effect  of  spaceflight  factors.  Kosmichesklye  Issledovanlya  12: 
285-298,  1974.  

424. 

Day,  N.  R.  Fatigue  in  the  safety  equation.  Business  and  Commercial  Aviation 
39:  148-161,  1976. 

425 

Dearnaley,  E.  J.,  and  P.  B.  Warr.  Wartime  Operations. 

London  and  New  York:  Academic  Press,  19/9,  23^^^  pp. 

Papers  concerning  the  reactions  of  air  crews  to  the  stress 
associated  with  wartime  operations  during  World  War  II  are  presented. 
Specific  topics  Include  the  historical  background  to  wartime 
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psychological  research  In  the  Royal  Air  Force*  neurosis  precipitated 
by  flight  duties*  the  Influence  of  psychological  disorders  on 
operational  flight  efficiency.*  fluctuations  In  navigator  performance 
during  bombing  sorties*  physical  and  psychological  measures  of  the 
effects  of  operational  stress  on  bomber  crews*  the  relation  of  landing 
accidents  to  pilot  fatigue*  the  psychological  aspects  of  airsickness* 
and  experimental  studies  of  mental  fatigue  and  pilot  error. 


426. 

Debry*  G.,  and  R.  Bleyer.  Influence  du  rythme  des  trols-hult  sur 
1 'alimentation  des  travallleurs.  (The  Influence  of  the  3>8  cycle  on  food 
Intake  In  shift-workers.)  In:  Alimentation  et  Travail*  edited  by  G.  Debry 
and  R.  Bleyer.  Premier  Symposium  InternatlonTT,  Paris:  Masson  Et  C, 

Editeurs*  1972,  pp.  154-177. 

The  authors  describe  the  food  habits  of  shiftworkers.  The  material  of 
this  study  Is  mostly  their  own  and  partly  those  of  the  bibliography. 

They  considered  the  part  played  by  numerous  factors  Interfering  with 
the  rhythm  of  shift-work  In  the  modification  of  eating  habits.  They 
show  that  If  the  average  Intake  of  workers  doing  a job  requiring 
moderate  physical  activity  Is  reduced  to  3000  calories,  shift-work 
does  not  change  the  caloric  level,  but  there  are  Important  changes 
corresponding  to  the  different  shift  but  for  the  same  workers. 

Alcohol  does  not  contribute  to  the  total  caloric  Intake  to  any  great 
degree  (8  per  c.  to  20  per  c.)  If  alcoholic  beverages  are  forbidden 
during  work-time  and  at  the  place  of  work*  but  even  this  level  can 
Increase  to  33  per  c.  under  difficult  social  conditions.  Shift-work 
modifies  the  caloric  distribution  of  the  different  meals  and 
profoundly  disturbs  the  social  surroundings  at  mealtimes*  shift-work 
also  entails  changes  In  the  kind  of  food  consumed.  Shift-workers  do 
not  exhibit  a higher  Incidence  of  gastric  ulcers  but  on  the  other 
hand,  the  Incidence  of  dyspepsy  Is  greater.  It  Is  found  that  those 
with  dyspepsy  are  the  heaviest  smokers  whether  they  are  shift-  workers 
or  day-workers.  The  problem  of  the  shift-workers  health  and 
nutritional  education  are  not  bounded  exclusively  by  questions  of  food 
Intake,  but  concern  also  social  and  economic  factors*  as  well  as  the 
relation  between  the  workers  food  habits  and  his  geographical  origin. 


427. 

Decoster,  F.*  and  J.  Foret.  Sleep  onset  and  first  cycle  of  sleep  In  human 
subjects:  change  with  time  of  day.  Electroenceph.  Clin.  Neurophyslol . 46: 
531-537*  1979. 

428. 

DeCoursey*  P.  LD  ratios  and  the  entrainment  of  circadian  activity  In  a 
nocturnal  and  a diurnal  rodent.  0,.  Comp.  Physiol.  78:  221-235*  1972. 

The  activity  rhythms  of  5 flying  squirrels*  Glaucomys  volans.  and 
7 chipmunks*  T ami  as  strlatus*  were  examined  under  control liH 
conditions  In  the  laboratory.  Free-running*  circadian  rhythms  were 
demonstrated  using  a total  of  25  LL  or  00  experiments.  With  46  LO 
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**1.^^*  limits  of  entrainment  In  a 24-hour  day  were  determined, 
«nd  the  phase  angle  difference  for  each  schedule  measured*  Glaucomys 
was  able  to  synchronize  to  schedules  ranging  from  1 second  of  light 
per  24-hour  day  to  at  least  18  hours  light  per  day  with  little  or  no 
change  In  the  phase  angle.  Tamlas  showed  an  oscillatory  type  of 
entrainment  when  the  photoperiod  was  less  than  3 hours  per  24-hour  day 
or  gi^ater  than  23  hours,  but  in  the  Intervening  region  was  capable  of 
stable  entrainment.  A tendency  was  evident  for  the  phase  angle 
difference  to  become  less  positive  as  the  LO  ratio  Increased.  In 
Glaucoays  single.  Isolated  light  pulses  of  either  one  second  or  24 
nours  duration  were  able  to  bring  about  relatively  large  shifts  In  the 
phase  of  the  activity  rhythm. 


429. 

Oecoursey,  P.  J.  Free-running  rhythms  and  patterns  of  circadian  entrainment 
In^three  species  of  diurnal  rodents.  £.  Interdlscipl.  Cycle  Res.  4:  67-77, 


Activity  rhythms  of  3 species  of  day-active  sclurld  rodents  under 
various  constant  lighting  conditions  and  In  L/D  schedules  were 
studied.  The  animals  Included  8 white- tailed  antelope  squirrel 
Amreospermophllus  leucurus,  5 black-tailed  antelope  squirrel  A. 
harrisl.  and  S eastern  chlnnunk  Tamlas  strlatus.  All  species  showed 
free-running  rhythms  In  constant  tonoitTons,  with  the  period 
decreasing  at  higher  Intensities.  The  3 species  synchronized  readily 
to  a variety  of  light  schedules,  with  the  exact  response  dependent 
upon  the  phase  relationship  of  activity  to  the  new  light  schedule. 


430. 

Defayolle,  M.  La  Fatigue  operatlonnelle*  Psychol  ogle  Medical e 10;  2005-2014, 

431. 

Defayolle,  M.  Vigilance  and  attention.  In;  Sleep.  Wakefulness  and  Circadian 

Rhythm.  Neullly  Sur-Selne;  NATO,  Advisory  Group  for  Aerospace  Research  and 

Development.  AGAR0-LS-105,  1979,  pp.  5-15  - 5-27. 

The  relations  between  vigilance  and  attention  are  considered  using 
computer  analyses  and  psychological  and  physiological  techniques* 

After  considering  the  different  types  of  available  measures,  the 
factors  Influencing  attention  are  reviewed.  The  characteristics  of 
signals,  the  environmental  conditions,  the  Individual  features  and  the 
possible  Interactions  between  these  factors  are  then  considered. 

The  various  theories  are  reviewed  and  followed  by  a proposed 
mathematical  model  which  Integrates  activation,  the  use  of  processing 
ability  and  filtering,  taking  Into  consideration  the  data  relative  to 
the  environment  and  to  motivation. 

The  conclusion,  different  methods  are  envisaged  from  ergonomical, 
psychological  and  pharmacological  directions. 
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432 

Oefayolle,  M.  Psychostimulants.  In:  Sleep.  Wakefulness  and  Circadian 
Rhythm.  Meullly-Sur-Selne:  NATO,  AdvIsoryGroup  for  Aerospace  Research  and 
Development.  AGARD-LS-105,  1979,  pp.  11-1  - 11.4. 

k'- 

This  review  of  the  state-of-the-art  of  psychostimulants  starts 
j with  a brief  historical  and  geographical  survey. 

The  basic  neuro-chemical  data  on  vigilance  are  then  dealt  with, 
and  the  various  systems  of  mediators  Involved  In  synaptic  conductions, 
differentiated  from  each  other. 

The  methodology  of  therapeutic  tests  on  psychotropes  Is  then 
tackled  and  the  effects  Induced  by  the  use  of  various  types  of  drugs 
available  (noo-analeptics,  nootropes,  thymoanaleptics  and  metabolic 
adjuvants)  are  considered. 

After  an  attempt  at  Incorporating  these  data  Into  a general  model 
of  vigilance  Including  the  data  handling  capacity  end  filtering 
concepts,  the  paper  ends  with  the  Indications  and  contraindications  as 
to  the  use  of  psychostimulants* 

433. 

Defayolle,  M. , J.  Jacq,  and  J.  Fourcade.  Assessment  of  vigilance. 

L*Encephale  4;  19-32,  1978. 

434. 

DeFayolle,  M.,  J.  M.  Llegeols,  and  0.  Jacq.  Influence  des  horalres  et  du  type 
de  travail  sur  les  epreuves  de  vigilance.  (Influence  of  schedules  and  of  the 
type  of  work  upon  vigilance  tests).  Arch.  Mai.  Prof.  Med. 

38:  139-142,  1977. 

435. 

Deguchl,  T.  Circadian  rhythms  of  enzyme  and  running  activity  under  ultradlan 
lighting  schedule.  Am.  J^.  Physiol*  232:  E375-E381,  1977. 

Serotonin  N-acetyl transferase  activity  In  the  pineal  gland  and 
running  activity  of  rats  were  measured  under  an  ultradlan  lighting 
schedule  (llght/dark  6:6).  When  rats  were  moved  from  a diurnal 
lighting  condition  to  the  ultradlan  conditions,  N-acetyl  transferase 
activity  showed  a circadian  rhythm.  Increasing  once  a day* 

N-acetyl  transferase  activity  In  the  pups  born  and  raised  under  the 
ultradlan  lighting  conditions  also  exhibited  a circadian  change,  the 
phase  of  which  conclded  with  that  of  the  mother.  When  pups  were 
raised  by  a foster  mother  with  an  Inverted  rhythmic  phase  from  that  of 
the  original  mother,  the  phase  of  the  rhythm  In  N-acetyl  transferase 
activity  of  the  pups  synchronized  with  that  of  the  foster  mother. 

When  pups  were  separated  from  their  mothers  for  12  h.  day, 
the  circadian  Increase  of  N-acetyl transferase  activity  appeared  during 
the  dark  period  when  they  were  separated  from  their  mother.  The 
circadian  rhythms  of  running  activity  were  In  phase  with  those  of 
N-acetyl  transferase  activity  In  the  pineal  gland. 
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1973,  pp.  73-84. 
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1974,  148  pp.  
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Oemuth,  P.  Wobbly  biorhythms.  Human  Behavior  8:  53-55,  1979. 

In  this  critical  review  of  the  biorhythm  theory,  the  author 
Indicates  that  Wilhelm  FI  less  In  his  major  book  (Oer  Ablauf  des 
Lebens,  1906),  applied  the  23  and  28  day  cycles  to  uncontrolled  events 
such  as  dates  of  an  Infants,  conceptions,  birth,  appearance  of  teeth, 
beginning  to  walk,  onset  of  first  menstruation,  deaths.  Illness,  the 
life  course  of  plants  and  animals  and  the  composition  of  all  of 
Schuberts  Lleder,  etc.  Although  developed  by  FI  less,  the  theory 
was  first  publlsned  by  Hermann  Swoboda,  to  whom  the  Information  has 
been  leaked.  The  author  criticizes  studies  In  support  of  the 
re'atlonship  of  the  theory  to  accidents  hy  Harold  Willis  as  being 
Invalid  since  either  the  expected  accident  frequency  did  not  exceed 
chance  when  correctly  calculated  (Ohml  vehicle  accident  study  In 
Japan)  or  the  critical  day  was  taken  to  be  48  Instead  of  24  hours, 
resulting  In  Invalid  calculations  of  critical  day  probability.  Tne 
author  cites  a study  by  F.  Damron  and  0.  Leetz  at  the  Univ.  of 
Wisconsin  who  analyzed  379  Industrial  accidents  and  found  no  evidence 
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that  biorhythms  had  any  Influence  on  accident  occurrence.  The  author 
studied  100  student  counseling  center  dro-lns,  50  patients  admitted  to 
a Community  Mental  Health  outpatient  clinic,  50  people  Mho  came  to  a 
hospital  emergency  room  having  made  a suicidal  gesture,  and  50 
suicides  from  the  County  Coroner *s  Office  records  with  respect  to 
biorhythm  critical  days.  No  relationship  between  any  biorhythm  phases 
and  these  events  was  found.  In  another  study,  a biorhythm  lecturer 
was  given  to  a class  of  44  students.  Half  the  students  had  critical 
days  marked  on  their  calendars  but  the  critical  day  Information  was 
false.  The  students  were  Instructed  to  mark  any  dny  which  they  felt 
would  be  a critical  day  over  a 2 week  period.  The  students  given  no 
critical  day  Information  hit  their  biorhythm  critical  days  at  the 
chance  level,  but  the  students  given  misinformation  were  statistically 
significantly  more  likely  to  designate  their  false  biorhythm  critical 
days  as  critical.  The  author  cites  this  study  as  evidence  that 
biorhythm  can  work  by  the  power  of  suggestion. 
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Denver , E.  Chart  the  rhythms  that  make  you  what  you  are.  American  Home 

Magazine.  1975,  p.  14. 

445. 

Oerlbere,  M.  L'eclalrage  en  llason  avec  les  rythmes  blologiques,  Communic. 

Croupe  d'Etude  Rythmes  Blologiques,  Paris,  1972. 

Fatigue  varies  with  the  time  of  day.  In  turn,  the  better  the 
Illumination  (within  limits)  the  better  the  performance.  The  relation 
between  performance.  Illumination,  fatigue  and  time  of  day  Is  a rather 
complex  one. 

A relation  between  biological  and  performance  rhythms  on  one  side, 
and  lighting  on  the  other  side  cannot  be  excluded,  In  principle. 

Both,  quality  and  quantity  of  light  have  to  be  taken  Into  account. 

With  reference  to  annual  rhythms  It  should  be  recalled  that  In  winter 
the  Individuals  seem  to  prefer  warm  hues.  In  summer,  cold  ones.  This 
seems  In  relation  with  the  change  occurring  In  the  natural 
environment.  With  reference  to  diurnal  rhythms.  It  Is  recalled  that 
warm  hues  are  preferred  In  the  morning,  cold  hues  In  the  afternoon. 
Differences  are  found,  however,  between  people  living  In  the  North* 
and  people  living  In  the  South*  of  Europe,  respectively.  In  general, 
there  seems  to  be  the  trend  to  join  warm  hues  and  feeble 
Illuminations.  The  quantitative  aspect  of  the  problem,  however,  is 
other  than  simple,  because  of  the  disparity  among  levels  (natural 
Illuminations  vary  from  10  to,  say,  100000  lux,  artificial 
Illuminations  from  10  to  700  lux).  This  variability  renders  puzzling 
the  entrainment  to  biological  rh^hms. 
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zone  change).  Aerospace  Hed.  Assoc..  Preprints,  197b,  pp.  43-44. 

The  rate  of  resynchronization  of  circadian  rhythms  following 
translongitudinal  flight  and  the  mechanisms  underlying  the  rephasal 
are  not  well  understood.  Considerable  discussion  has  emerged  In  this 
field  based  on  arguments  Invoking  the  direction  of  flight,  whether  It 
was  homeward  or  not,  time  of  departure,  time  of  arrival  and  duration 
and  stress  of  flight  as  determinants  of  the  rate  of  resynchronization. 
Recent  collaborative  work  from  our  laboratory  has  provided  evidence  In 
man  that  the  homeward  direction  was  unimportant  In  the  determination 
of  resynchronization  rates  but  that  there  was  a significant  difference 
depending  on  whether  the  flight  was  eastward  or  westward.  Hence,  on 
an  average,  subjects  had  shown  9bS  resynchronization  In  approximately 
3 days  for  the  westward  flight  and  approximately  8 days  for  the 
eastward.  Uever's  suggestion  that  the  endogenous  periodicity  may  also 
Influence  the  rate  of  rephasal  prompted  us  to  Investigate  this 
possibility  using  the  Deep  Body  Temperature  (DBT)  rhythm  In 
unrestrained  subhuman  primates  exposed  to  photoperiod  shifts 
simulating  eastward  and  westward  time  zone  changes  as  a model.  Using 
mathematical  techniques  developed  In  our  laboratory  which  afford  us 
the  opportunity  to  determine  changes  occurring  during  the  transient 
state.  Intermediate  between  Initial  base  line  steady  state  rhythms 
and  the  final  post- shift  steady  state  rhythms,  we  analyzed  behavior  of 
the  rhythms  during  resynchronization. 
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I6l 


452. 

Desir,  D.,  F.  S.  Fang,  C.  Jadot,  E.  Van  Cauter,  E.  Martino,  S.  Refetoff,  and 
G.  Copinschl.  Effects  of  transmeridian  transportation  on  plasma  cortisol 
circadian  and  ultradlan  variations.  European  J.  Clin.  Invest.  8:  349,  1978. 

453. 

Desir,  D. , E.  Van  Cauter,  J.  Golstein,  M.  Fevre,  C.  Jadot,  S.  Refetoff,  and  G. 
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circadian  rhythm  and  EEG  of  rats.  Sleep:  Europ.  Congr.  Sleep  Res.,  3rd, 
Montpellier,  1976,  edited  by  W.  P.  Koelia  and  P.  Levi n.  Basel : Karger,  1977, 
pp.  355-357. 
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Dexter,  H.  E.  Pilot  fatigue  study:  a first  look.  Air  Line  Pilot  44:  18-19, 

1975. 

456. 

Dexter,  J.  0.,  D.  G.  Hof,  and  C.  E.  Mengel.  Effect  of  sleep-wake  reversal  and 
sleep  deprivation  on  the  circadian  rhythm  of  oxygen  toxicity  seizure 
susceptibility.  Aerosp.  Med.  43:  1075-1078,  1972. 

The  effect  of  sleep-wake  reversal  and  sleep  deprivation  on  the 
circadian  rhythm  of  oxygen  toxicity  seizure  susceptibility  was 
Investigated  In  an  attempt  to  more  clearly  define  Its  nature.  Albino 
Sprague-Dawley  rats  were  exposed  In  a previously  O2  flushed,  CO2 
free  chamber.  The  exposure  began  with  attainment  of  60  psi  (gauge) 
and  the  end  point  was  the  first  generalized  seizure.  Part  I.  Animals 
were  exposed  to  reversal  diurnal  conditions  since  weanlings  until 
their  sleep-wake  cycles  had  completely  reversed,  and  then  divided  Into 
four  groups  of  20  based  on  the  time  of  d«y  exposed.  The  time  of 
exposure  to  OHP  prior  to  seizure  was  now  significantly  longer  In  the 
group  exposed  from  1900-2000  hrs  and  a reversal  of  the  circadian 
rhythm  of  oxygen  toxicity  seizure  susceptibility  was  noted.  Part  II. 
Animals  maintained  on  normal  diurnal  conditions  were  deprived  of  sleep 
on  the  day  of  exposure  for  the  12  hours  prior  to  exposure  at  1900  hrs, 
while  controls  were  allowed  to  sleep.  There  was  no  significant 
differences  In  the  time  prior  to  seizure  between  the  deprived  animals 
and  the  controls  with  an  n»40.  Thus  the  Inherent  threshold  In 
susceptibility  to  OHP  seizures  seems  not  to  be  a function  of  sleep 
Itself,  but  of  some  biochemical /physiol ogle  event  which  manifests  a 
circadian  rhythm. 
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pp.  18-26,  April  1976.  
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Dezelsky,  T.  L.,  and  J.  V.  Toohcsy.  Biorhythms  and  the  prediction  of  suicide 
behavior.  J.  School  Health,  pp.  399-403.  Sept.  1978. 

The  suicide  dates  of  19  Arizona  students  Mere  evaluated  In  terms 
of  the  biorhythm  critical  dey  criterion  using  the  technique  of 
probabilities  of  nonoverlapping  events.  No  Incidences  of  suicide 
above  chance  expected  levels  were  found  for  critical  days  of  the  23. 

28,  or  33  djy  cycles;  however,  the  results  should  not  be  considered 
definitive  due  to  the  small  number  of  suicide  samples. 


459. 

Ohenin,  G.  H.  Troop  transport  operations.  Aerynedlcal  aspects  of  troop 
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Forschungs-  und  Versuchsanstalt  fur  Luft-  und  Raumfahrt.  Institut  fur 
Flugmedizin.  DLR-FB  73-25,  1973,  60  pp.  (transl.  In  Engl,  by  European  Space 
Research  Organization.  ESRO  TT-34.  1974). 

The  urinary  excretion  of  conjugated  and  unconjugated 
1 7 -Hydroxycorti coster lods  (17-OHCS)  was  studied  In  a male  students  In 
3-hour  Intervals  during  periods  of  24  hours.  Two  24-hour  pre-flight 
periods  revealed  the  basic  normal  dally  periodicity  of  17-OHCS 
excretion.  Effects  of  a 6-hour  time  shift  were  evaluated  by 
determining  the  excretion  rates  after  flights  from  Germany  to  the  USA 
and  vice  versa  on  day  1.  3.  5.  and  8 after  arrival.  A 
desynchronization  with  the  new  local  time  was  observed  after  flights 
In  both  directions,  the  diurnal  17-OHCS  excretion  patterns  being  more 
disturbed,  however,  after  the  Vtest-East  flight.  The  resynchronization 
time  of  maximum  and  minimum  excretion  was  3-5  days  after  the  westward 
travel  and  5-8  or  more  after  travelling  In  the  opposite  direction.  It 
Is  suggested  that  the  unfavorable  flight  conditions  of  the  West-  East 
flight  (night  flight)  mainly  account  for  the  more  marked  time  shift 
effects  observed  after  the  eastward  flight. 
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38-39. 

463. 

Doering,  C.  H.,  H.  C.  Kraemer,  H.  Keith,  H.  Brodle,  and  D.  A.  Hamburg.  A 
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Blood  samples  were  obtained  In  the  morning  on  alternate  days  for  Z 
months  from  20  males*  Analysis  for  testosterone  periodicity  Included 
spectral  analysis,  sine  wave  analysis,  and  ANOVA  and  revealed  a period 
range  of  8-30  days  with  a cluster  at  20-22  days.  There  was  a close 
agreement  among  the  methods  for  12/20  subjects.  The  majority  of  the 
cycles  were  statistically  significant  (.05). 
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Donnelly,  J.  E.  The  Relationship  Between  Biorhythms  and  Human  Performance. 

Ph.O.  Thesis,  West  Virginia  University,  1978. 


Choice  hand  reaction  time  and  whole  body  movement  and  performance 
times  were  recorded  from  75  subjects  from  swimming  and  gymnastics 
teams  and  general  physical  education  classes  In  10  randomly  scheduled 
sessions.  The  data  were  analyzed  with  respect  to  biorhythm  cycles 
using  analysis  of  variance  for  unequal  sub-class  numbers.  Significant 
F-ratlos  were  found  for  the  Intellectual  emotional  cycle  Interactions 
(women  gymnastics)  and  physical -emotional  Interactions  (general  P.E. 
reaction  time),  but  not  In  accordance  with  the  defined  biorhythm 
theory.  SIgniHcant  F-ratlos  were  also  found  In  the  Intellectual 
cycle  (whole  body  reaction  time  and  performance  times)  but  were 
felt  by  the  author  to  be  Insufficient  evidence  to  support  the  theory 
of  biorhythms  In  the  parameters  tested.  He  concludes  that  coaches. 
Instructors  and  behavior  scientists  will  not  benefit  from  utilizing 
biorhythms  to  predict  performance.  However,  this  experimental 
design,  utilizing  only  10  test  sessions,  uncontrolled  for  circadian 
changes,  would  have  rendered  any  conclusions  concerning  the 
relationship  between  b1or1\ythm  and  performance  Invalid,  whether  the 
findings  were  positive  or  negative. 
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stufliy).  J.  Interdlscipl.  Cycle  Res.  4:  25-29,  1973. 

One  subject  rated  his  mood  dally  for  1500  consecutive  days. 
Variance  spectral  analysis  revealed  a dominant  period  of  7 dqys  and 
also  sIgniHcant  cycles  of  2.4,  3.7,  5.5,  10.5,  18,  19.7,  28  and  57.8 
dqys  were  found* 
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The  rhythms  of  nutritional  requirements  differ  significantly  In 
morning  and  evening  types  of  people:  there  are  54%  morning  people, 

19%  evening,  and  the  rest  are  arrhythmic  or  unclassified.  The  authors 
Imply  a need  for  adjusting  nutritional  patterns  to  biological  rhythms* 
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The  effects  of  sleep  deprivation  on  habituation  of  the  vestiuclar 
system  In  a stressful  situation  we>*e  examined.  One  hundred  forty 
three  experienced  pi  lots  were  exposed  to  two  tests  of  Coriolis 
acceleration  after  periods  of  sleep  deprivation  (24-30  hours)  or  rest 
(6  hours),  nystagmus  responses  to  Coriolis  stimulation  were  recorded 
after  four  right  to-left  tilts.  Sleep  deprivation  resulted  In  (a) 
Increased  sensitivity  to  Coriolis  stimulation;  (b)  a decreased 
recovery  rate;  and  consequently  (c)  Interference  with  the  vestibular 
habituation  process.  The  Implications  of  sleep  loss  In  Increasing  the 
hazards  of  flying  are  discussed. 
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The  chances  In  human  behavior  occurring  In  a situation  expected  to 
bring  about  mental  fatigue  are  Investigated.  Pilot  trainees  were 
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significant  deteriorations  of  side-slip,  air  speed,  altitude  and 
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an  Increase  In  the  magnitude  of  the  errors  made,  the  disregard  of 
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Discussion  of  fatigue  encountered  by  cosmonauts  and  the  urgent  need 
for  a scientifically  based  fatigue-prevention  problem.  An  effective 
method  of  preventing  fatigue  Is  a rational  work  and  rest  schedule. 

Physical  and  mental  fatigue,  adaptation  to  altered  circadian  rhythms, 
and  mechanisms  of  such  adaptation  are  treated  In  detail.  The 
complicating  effects  of  weightlessness  and  emotional  tension  on 
fatigue  and  biorhythms  are  considered,  and  the  use  of  hvpnosis. 
electrosleep,  and  drugs  Is  suggested  as  a means  of  facilitating 
adaptation  to  the  working  conditions  prevailing  during  prolonged  space 
flights. 


167 


465. 

Eastman,  C.  Circadian  rhythms  of  sleep,  activity  and  temperature  In  the  rat 
(abstract).  Sleep  Res.  7:  302,  1978. 

486. 

Eaves,  0.  Nipht  duty:  time  for  a change.  Nurs.  Mirror  150:  22-24,  1980 

487. 

Ebihara,  S. , K.  Tsuji,  and  K.  Kondo.  Strain  differences  of  the  mouse's  free- 
runnlnq  circadian  rhythm  In  continuous  darkness.  Physiol.  Behav.  20:  795-799, 
1978.  

488. 

Edmonds,  S.  C.  Food  and  Hoht  as  entralners  of  circadian  running  activity  In 
the  rat.  Physiol.  Behav.  18:  915-919,  1977. 

The  purpose  of  this  experiment  was  to  determine  the  extent  to 
which  circadian  running  activity  could  be  controlled  by  two  different 
environmental  cues:  periodic  access  to  food  and  ambient  light  cycles. 
Seven  male  rats  were  successively  exposed  to  the  following  four 
conditions:  (1)  With  light  cycles  (LD  12:12)  and  continuous  access  to 
food,  the  animals  displayed  a basically  noctunal  pattern  of  runnina. 
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of  the  LD  cycle,  all  of  the  animals  showed  a burst  of  running 
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portion  of  the  LO  cycle  (when  rats  are  normally  Inactive)  food 
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The  purpose  of  this  experiment  was  to  determine  the  degree  to 
which  a circadian  running  activity  could  be  controlled  by  multiple 
biological  oscillators  within  a single  organism.  Twelve  male  rats, 
housed  In  running  wheels,  had  access  to  food  from  noon  to  1 p.  m. 
dally  If.  addition  to  this  noon  or  fixed  feeding,  the  rats  received  a 
moving  feeding  during  which  they  had  access  to  food  for  1 hr  every  25 
hr.  These  two  circadian  feedings  had  a continually  shifting  phase 
relationship  to  each  other.  The  animals  responded  to  this  regime  by 
displaying  separate  bursts  of  running  activity  which  were  In  relative 
coordination.  Each  animal's  behavior  shifted  between  the  three 
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following  general  patterns:  (1)  one  cycle  of  activity,  either  before 
the  fixed  or  the  moving  feed;  (2)  two  bursts  of  activity,  one  before 
the  fixed  feeding  and  one  preceding  the  moving  feeding;  or  (3)  a burst 
of  activity  not  entrained  to  either  one  of  the  feedings  but  rather 
free  running  between  the  two.  When  the  animals  were  subsequently 
offered  continuous  access  to  food,  10  of  the  12  rats  maintained  two 
bursts  of  activity* 
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The  behaviour  of  man  Is  determined  by  exogenous  factors  and 
endogenous  rhythms.  The  mutual  effects  of  behaviour  and  circadian 
vegetative  rhythms  on  each  other  are  shown  with  the  sleep-waking-cycle 
as  a relevant  example  of  behaviour.  The  hypothesis  Is  presented,  that 
a Zeitgeber  Is  probably  not  working  by  primary  Information  processes. 
Alterations  of  behaviour,  causing  an  avalanche  effect  of  synchronous 
Informations  In  numerous  Information  channels  of  the  boc(y  are  believed 
to  be  much  more  effective.  Vegetative  rhythms  are  coupled  with 
rhythms  of  behaviour  to  a different  degree.  Therefore  a sudden  phase 
shift  of  a behavioural  rhythm  causes  an  Internal  desynchronization  of 
vegetative  rhythms.  Depending  on  the  actual  circumstances  the 
pressure  of  the  desynchronized  state  results  In  a phase  shift  of 
behaviour  back  to  the  prior  phases  or  a slow  shift  of  the  resi stent 
vegetative  rhythms  to  the  new  phase  of  the  behavioural  rhythm. 
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sleep,  though  not  to  the  full  duration  observed  In  night  sleep, 
decreased  number  and  duration  of  waking  phases.  It  did  not  shorten 
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the  periods  compared  with  those  of  night  sleep,  Increased  heart  and 
repiratlon  rate  without  Influencing  the  heart  beat/respiration  ratio 
and  slightly  Increased  the  motor  activity  during  sleep,  which, 
nevertheless,  remained  far  below  that  seen  In  night  sleep.  So, 
Adumbran  markedly  Improves  the  badly  disturbed  day  sleep  of  the  night 
worker  but  cannot  accomplish  a complete  normalization  adequate  to 
night  sleep. 
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applied  later,  past  the  thermal  peak,  theophylline,  but  not 
pentobarbital,  shifts  the  rhythm  ahead  (phase  advance).  Theophylline 
and  pentobarbital  In  addition  to  having  a number  of  already 
established  pharmacological  properties  are  now  further  Identified  a 
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material,  and,  under  the  delay  condition,  retained  less  adequately 
those  times  correctly  perceived.  It  Is  argued  that  these  findings  are 
consistent  with  the  notion  that  sleep  loss  causes  a deficit  In 
attention,  leading  to  misperception  and  a failure  to  r*ehearse 
adequently  material  presented  or  memorization. 
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Applying  a modified  flowerpot  technique,  which  made  It  possible  to 
use  a test  animal  as  Its  own  control,  twenty-four  hour  cycles  of 
locomotor  activity  were  recorded  In  eight  Juvenile  male  rates  on  12:12 
hr.  light  dark  (LO)  schedule  during  six  days  of  rapid  eye  movement 
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(REM)  sleep  deprivetlon.  It  was  found  that  the  LD  difference  In 
locomotor  activity  unrelated  to  feeding  was  Instantaneously  abolished 
during  REM  sleep  deprivations.  The  dark  rhythm  of  food  directed 
activity,  however,  was  only  gradually  attenuated.  Due  to  this 
equalization  In  the  light  and  dark  activity,  the  rats  gave  an 
Impression  of  hyperactivity  during  the  light  hours,  although  the  total 
dally  motor  output  after  an  Initial  Increase  returned  close  to  the 
baseline  value. 
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The  study  Included  93  shift-workers  In  the  services  area  and  40 
shift-workers  In  the  electro-industry. 

Of  the  first  group  37  shl ft-workers  worked  In  municipal 
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and  15  aiid>ulance  men  were  occupied  at  the  biggest  German  airport.  The 
40  Industrial  workers  were  Involved  In  plastic  production.  In  the 
different  shift-systems,  the  number  of  night-shifts  worked  In 
succession  varied  between  1 and  7.  All  subjects  were  asked  to  record 
oral  temperature  every  2 h during  work  and  leisure  time.  About  a 
third  of  them  Interrupted  their  sleep  for  an  additional  temperature 
reading.  In  the  municipal  undertakings,  urine  samples  were  colected 
parallel  to  the  oral  temperature  readings.  The  potassium,  sodium, 
adrenaline  and  noradrenaline  excretion  In  the  urine  were  analyzed. 

The  oral  temperature  curve  over  the  course  of  the  day  changed  with 
Increasing  number  of  night-shifts  In  succession.  After  7 night-shift 
the  r<*-entra1nment  took  more  than  2 days.  The  longer  the  period  of 
the  night-shift,  the  smaller  the  amplitude  of  the  dally  rhythms  of  all 
analyzed  excretions  In  the  urine  during  the  following  days  off-duty. 
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Studies  on  the  effects  of  time  zone  changes  on  biological  rhythm 
were  discussed  with  emphasis  on  sleep.  On  the  basis  fi  four 
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experiments,  the  results  were  summarized  as  followed:  1)  Chanpes  In 
sleep  after  Tokyo/San  Francisco  (TYO/SFO)  flight  (Eastward  flight). 

Slow  wave  sleep  (SWS)  was  significantly  elevated  and  REM  sleep  was 
markedly  depressed,  althou^  the  distribution  of  both  types  of  sleep 
was  not  altered.  It  took  8 days  for  the  sleep  rhythm  In  the  night  of 
SFO  to  synchronize  with  the  local  time,  and  more  than  10  days  for 
pulse  rate:  2)  Changes  In  sleep  after  the  home  going  flight  from  SFO 
(Westward  flight).  There  was  enhancement  of  Rem  sleep  but  SWS  did  no 
change.  Sleep  latency  and  REM  sleep  latency  were  significantly 
abbreviated  with  frequent  appearance  of  sleep  onset  REN  periods.  It 
took  8 days  for  the  sleep  rhythm  after  SFO/TYO  flight  to  synchronize 
with  Japan  time,  and  about  5 days  for  pulse  rate.  30  Changes  In  sleep 
after  southward  and  northward  flights  as  a control  study.  There  was 
no  change  of  REM  sleep  but  marked  enhancement  of  SWS  on  the  first 
night  nights  In  both  directions  due  to  one  night  sleep  deprivation. 

There  was  clear  evidence  of  circadian  effects  to  overnight  sleep  due 
to  alteration  In  time  zone. 

510. 

Engel,  P.,  and  6.  Hlldebrandt.  Die  rhythmischen  Sachwankungen  der 

Reaktionszelt  belm  Nenschen.  Psychol . Forsch.  32:  324-336,  1969. 

Reaction  time  Is  found  to  uidergo  some  cyclical  changes,  the 
period  of  which  Is  age-dependent. 

511. 

Engel,  P.,  and  G.  Hlldebrandt.  Rhythmic  variations  In  reaction  time,  heart 

rate,  and  blood  pressure  at  different  durations  of  the  menstrual  cycle.  In: 

Biorhythms  and  Human  Reproduction,  edited  by  M.  Ferin,  F.  Halberg,  R.  M. 

Richart,  and  R.  L.  Vandal  el  e.  Hew  York:  John  Wllqy,  1974,  pp.  325-333. 

Wave  form  and  phase  position  of  blood  pressure,  heart  rate  and 
reaction  time  rhythms  were  studied  In  relation  to  menstrual  cycle 
length.  Interindividual  differences  were  found  In  the  phase  position 
of  the  cyclic  variations.  In  general,  with  Increasing  menstrual  cycle 
duration  the  phase  of  these  rhythms  advances  within  the  menstrual 
cycle.  The  rhythms  are  not  sinusoidal  but  tend  to  be  nultl phasic  and 
asymmetric  In  shape. 

512. 

Engeland,  W.  C.,  J.  Shinsako,  C.  M.  Winget,  J.  Vernlkos-OanelHs,  and  H.  F. 

Dallman.  Circadian  patterns  of  stress- Induced  ACTH  secretion  are  modified  by 

corticosterone  responses.  Endocrinology  100;  138-147,  1977. 

513. 

Engelmann,  W.  A slowing  down  of  circadian  rhythms  by  llthlun  Ions.  Z. 

Haturforsch.  28c:  733-^36,  1973. 

Under  the  permanent  Influence  of  Hthlusn  Ions  the  circadian  rhythm 
of  movement  of  Xalanchoe  petals  Is  effectively  lengthened  but  a pulse 
adninistered  up  to  12  hours  has  no  Influence.  Lithium  Ions  could  also 
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b«  demonstrated  to  similarly  slow  down  the  circadian  activity  rhythm 
of  a small  mammal  (Merlones  crassus).  It  Is  hypothesized  that  the 
therapeutic  effect  of  lltnfum  saUs  In  endogenous  depressions  In  human 
beings  my  result  also  from  Its  acting  on  the  human  circadian  system. 


S14. 

Englund.  C.  E.,  and  P.  Naltoh.  An  attempted  validation  study  of  the 
birthdate*  based  biorhythm  (BBS)  hypothesis.  Aviat.  Space  Environ.  JJed.  51: 
583-590,  1980. 

The  authors  refer  to  the  biorhythm  theory  as  the  birthdate  based 
biorhythm  t^pothesls  (866)  to  distinguish  It  from  scientific 
biological  rhythm  research.  Two  studies  were  performed  In  which 
examination  scores  from  26  students  were  obtained  along  with  carrier 
landing  performance  quality  evaluations  from  7 Naval  aviators.  A 
multiple  regression  equation  and  multiple  correlation  coefficient 
were  computed  for  each  subject  between  performance  scores  and  BBB 
cycles.  In  addition,  student  test  scores,  obtained  over  several  weeks 
were  subjected  to  least  squares  frequency  analysis.  Regression 
equations  could  not  be  computed  to  predict  either  perfonnance  on  tests 
or  carrier  landing  performance.  The  frequency  analysis  Indicated  no 
consistent  Individual  or  group  patterns  showing  the  reputed  BBB 
periods  of  23,  28  or  33  days.  Although  the  critical  day  relationship 
with  performance  was  not  tested,  the  authors  conclude  that  the  BBB 
theory  Is  not  a reliable  predictor  of  performance  since  their  results 
do  not  support  the  theory  and  also  because  the  theory  Is  based  on 
faulty  assumptions  and  creates  confusion  by  Incorporating  cognitive, 
emotional  and  physical  performance  factors  under  a single  biological 
model. 


515. 

Eremin,  A.  V.,  R.  M.  Bogdashevskll,  and  E.  F.  Baburin.  Preservation  of  nan's 
efficiency  during  long-term  space  flight.  In:  Weightlessness; 
Medical-biological  Investigations.  Moscow:  Izdatei'stvo  meditslna,  pp. 
326-341,  1974: 

It  Is  shown  that  the  changes  In  the  functional  state  of  the 
principal  systems  of  the  human  organism  during  space  flight  occur  In 
certain  stages  that  are  closely  associated  with  the  duration  of  the 
flight.  A characteristic  of  the  changes  In  cosmonaut  efficiency  Is 
that,  In  addition  to  the  regular  diurnal  phases,  there  exist  secondary 
phases,  whose  occurrence  covers  the  entire  flight  period,  and  which 
are  associated  with  the  stages  of  adaptation  to  weightlessness  and  to 
other  unfavorable  factors.  (Some  of  the  secondary  phases  need  not 
manifest  themselves  during  short-duration  missions.)  The 
"disorganization*  phenomenon  Is  seen  to  be  largely  responsible  for  the 
development  of  these  stages  and  phases. 
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516. 

Er1kson»  L.  B.  Diurnal  teinparature  variation  In  the  Rhesus  vnnkay  binder 
normal  and  experimental  conditions*  Nature  186:  83-84*  I960. 

517. 

Erkert,  H.  G.  Oer  Einfluss  de»*  Schwingungsbrelte  von  Licht-Ounkel-Cyclen  auf 
Phasenlape  und  Resynchronisation  der  circadlanen  Aktivltatsperlodik 
dunkelaktiver  Here.  J.  Interdlsclpl.  Cycle  Res.  7:  71-91,  1976. 

518. 

Erkinaro,  E.  Der  Verlauf  <ksynchron1s1erter,  circadlaner  Perlodik  elner 
Naldmaus  (Aoodemus  flavicolllsl  In  Nordfinniand.  2.  Verpl.  Physloloole  64: 
407-410,  1969.  

519. 

Erne,  H.  Circadian  variation  In  performance  and  personality  variables. 
Psycholoole  - Schwelzerlsche  Zeltschrlft  fur  Psycholoole  und  Ihre  Anwendunpen 
35:  iir-197.  1976: ' 

520. 

Ernst,  G.,  and  J.  Rutenfranz.  Flexibility  In  shift  work-some  suggestions. 
Ergonomics  21;  872,1978. 

This  paper  suggests  that.  In  addition  to  the  frequently  discussed 
conventional  solutions,  the  Introduction  of  flexibility  Into  t!te 
design  of  shift  systems  would  seem  to  be  a possible  way  to  reduce  the 
Incidence  of  complaints  associated  with  shift  work.  Such  flexible 
systems  should  not  be  Initiated  without  the  full  parti c 'patio . of  the 
workers,  and  It  Is  therefore  necessary  to  make  an  accurate  analysis  of 
the  social  organization  of  the  particular  Industry  before  any  attempt 
1$  made  to  change  existing  arrangements  within  It. 

521. 

Erwin,  C.  W.,  E.  L.  Wiener,  M.  I.  Linnolla,  and  T.  R.  Truicott. 
Alcohol-Induced  drowsiness  and  vigilance  performance.  J.  Stud.  Alcohol  39: 
505-516,  1978.  

Detection  of  signals  In  a visual  vigilance  task  decreased 
significantly  after  drinking  1.2  g of  alcohol  per  kg.  Two  mechanisms 
for  the  detection  decrement  are  discussed. 


522. 

Estevez  Bravo,  J.  El  sueno  y 1a  turnicldad  (relaclon  con  la  patologla 
observada),  (Sleep  and  shift  work  (relationship  to  pathology  observed))* 
Revista  Se^rldad  Aviles  53:  38-43,  1974. 

With  the  aid  of  ten  tables  the  author  analyses  a population  of 
1,099  workers  engaged  or  not  engaged  In  shift  work.  He  studies.  In 
particular,  the  Interrelationships  obtaining  between  the  shift. 
Insomnia,  and  pathological  manifestations,  these  last  being  distinctly 
more  common  In  shift  workers. 
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523. 

Estryn>Behar,  N.  C.  Gadbcis,  and  E.  Vaicbere.  Effecs  du  travail  de  nult  en 
equipes  fixes  sur  une  population  feminine.  Resultats  d'une  enquete  dans  1e 
secteur  hospitaller.  (Effects  of  night  shift  working  upon  a feminine 
population.  Results  of  a survey  In  the  hospital  sector.)  Arch.  Mai.  Prof. 
Med.  39:  531-534,  1978. 

524. 

Evans,  F.  J.,  M.  R.  Cook,  H.  D.  Cohen,  E.  C.  Orne,  and  M.  T.  Orne.  Appetitive 
and  replacement  naps:  EEG  and  behavior.  Science  197:  687-689,  1977. 

Consistent  subjective,  behavioral,  and  electroencephalographic 
sleep-state  differences  were  found  betmeen  afternoon  naps  of  11 
habitual  appetitive  nappers  (who  nap  lightly  for  psychological  reasons 
apparently  unrelated  to  reported  sleep  needs)  and  10  replacement 
nappers  (who  apparently  nap  regularly  In  response  to  temporary  sleep 
deficits).  Both  types  of  naps  were  compared  with  naps  of  12  confirmed 
non-nappers. 


525. 

Evans,  J.  I.,  G.  A.  Christie,  S.  A.  Lewis,  J.  Daly,  and  M.  Moore-Roblnson. 

Sleep  and  time  zone  changes.  A stu<(y  In  acute  sleep  reversal.  Arch.  Neurol . 

26:  36-48,  1972. 

Alterations  occurred  In  the  overnight  sleep  patterns  of  four 
healthy  male  subjects  before  and  after  trans-Atlantic  flights  In  both 
directions.  On  the  first  night  after  a London/San  Francisco  flight, 
stage  4 sleep  was  enhanced,  and  rapid  eye  movement  (REM)  sleep  was 
depressed,  although  the  distribution  of  both  types  of  sleep  during  the 
night  was  not  altered.  Early  morning  waking  was  a feature  of  the 
first  five  nights  In  the  new  time  zone,  particularly  In  the  older 
subjects.  Similar  changes  occurred  after  the  return  flight.  There 
w:s  no  evidence  of  enhancement  of  REM  sleep  and  the  alteration  In  the 
dlstrlbulton  of  REM  sleep  which  has  been  noted  In  laboratory  studies 
of  sleep  reversal.  However,  the  changes  found  were  In  accord  with 
travelers'  complaints.  No  definite  evidence  of  circadian  effects  due 
to  alteration  In  time  zone  were  demonstrated. 
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526. 

Exicy,  D.,  and  C.  S.  Corker.  The  human  male  cycle  of  urinary  oestrone  and 
17-o)^ysteroids.  J_.  Endocrinol.  35;  83-99,  1966. 

A study  was  made  of  urinary  oestrone  and  17-o)^stero1ds  In  5 men 
collected  over  17-47,  days.  Analysis  by  autoregression,  analysis  of 
variance  and  Kendalls  turning  point  test  revealed  significant  8-10  day 
cycles  In  both  variables. 


177 


527. 

Fabbro,  6.  n.  I voll  d1  "lunoo  ragglo"  ed  1 rltml  circadlani  (Long  distance 
flights  and  circadian  rhythms).  Mlwrva  Med.  61:  3922>3928*  1970. 

528. 

Fabrikant,  6.  That  old  jet  lagging  has  me  In  Its  spell-but  try  these  counter 
tactic  for  the  clock  wise.  Apartment  Life  10:  E4,  1978. 

529. 

Farr,  L.,  and  R.  V.  Andrews.  Rank-associated  desynchronization  of  metabolic 
and  activity  rhythms  of  Peroi»yscus  waniculatus  In  response  to  social  pressure. 
Comp.  • ''ckjn.  Physiol.  6lA:  539-542,  l978. 

Saturation  level  population  density  conditions  drastically  affected 
the  level  and  timing  of  subordinate  males'  metabolic  rate  and 
locomotor  activity  and  feeding  rhythm.  The  Increased  dally  metabolic 
rates  of  subordinate  animals  was  expressed  In  the  face  of  depressed 
locomotor  and  feeding  activity  levels.  A phase  shift  In  the  metabolic 
peak  of  dominant  animals  occurred  at  high  density,  but  close  synchrony 
between  activity  and  metabolic  rate  persisted  with  no  Increase  In 
metabolic  cost.  Subordinate  animals  showed  desynchronization  of 
activity  rhythm  at  high  density;  this  effect  Imposed  a higher 
bloenergetic  cost  upon  the  subordinate  than  upon  the  dominant  mice. 


530. 

Farrell,  B.  L.,  and  M.  F.  Allen.  Physlologic/psychologic  changes  reported  by 
USAF  female  flight  nurses  during  flying  duties.  Nurs.  Res.  22:  31-36,  1973. 

The  responses  of  444  United  States  Air  Force  active  duty  female 
flight  nurses  to  a questionnaire  survey  pertaining  to 
physlologic/psychologic  changes  associated  with  flying  duty  showed 
significant  changes  (p<.05)  for  all  items  except  one--blurred  vision 
after  flight.  The  questionnaires  revealed  that  a larger  percentage  of 
the  nurses  who  flew  In  jet  aircraft  exclusively  (N  » 102)  experienced 
a change  In  the  factors  covered  than  did  the  nurses  who  flew  only  In 
propeller  aircraft  (N  « 168).  These  percentages  were  significantly 
higher  (at  least  p<.05)  for  changes  associated  with  the  menstrual 
function  (frequency,  flow,  and  dysmenorrhea),  with  bruising  of  thighs 
and  legs,  and  In  bowel  habits,  sleep  patterns,  and  weight. 


531. 

Farrer,  N.,  and  J.  W.  Ternes.  Illumination  Intensity  and  behavioral  circadian 
rhythms.  In:  Circadian  Rhythms  In  Nonhuman  Primates,  edited  by  F.  H.  Rohles. 
Bibl.  Primatol.  Basel:  S.  Karger,  1969,  pp. 

532. 

Fedorov,  R.  Effects  of  unusual  work  rest  cycles  In  cosmonauts.  Library  of 
Congress  Science  and  Technology  (SAT  Alert),  Item  No.  4719. 

An  experiment  was  conducted  using  a two  week  test  on  16  hour 
cycles  with  5 hour  sleep  periods.  At  first  the  shortened  schedule  had 
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no  effect,  but  then  work  capacity  deteriorated.  Subjects  complained 
of  Insomnia  and  sleepiness. 

533. 

Feinberg.  I.  Changes  In  sleep  cycle  patterns  with  aoe.  J*  Psychlatr.  Pes. 

10:  283-306.  1974.  " 

534. 

Felnlelb,  M.,  and  R.  Fabsitz.  Do  biorhythms  Influence  day  of  death?  New 

Engl.  J.  Med.  298:  1153,  1978. 

Frequency  of  occurrence  of  960  deaths  due  to  coronary  heart 
disease  and  non-coronary  heart  disease  on  biorhythmic  critical  days 
was  compared  to  frequencies  expected  by  chance.  These  freouencles 
were  Indistinguishable  and  therefore  the  authors  conclude  that  It  Is 
highly  unlikely  that  biorhythmic  cycles  Influence  time  of  death. 


535. 

Fenz,  W.  D.,  and  J.  G.  Gralg.  Autonomic  arousal  and  performance  during  sixty 
hours  of  sleep  deprivation.  Perceptual  and  Motor  Skills  34:  543-553,  1972. 

536. 

Ferquson,  0.  A.  Shift  Work  and  Health.  Personnel  Practice  Bulletin  27: 
113-122,  1971. 

A brief  review  of  the  biological  and  medical  effects  of  shift  work 
and  the  relationship  between  shift  work  and  performance.  The  author 
outlines  ways  In  which  shift  conditions  can  be  made  as  acceptable  to 
the  workers  as  possible  (selection  of  new  employees,  choice  of  shift 
cycle  time,  facilitation  of  shift  work  by  providing  a good  canteen 
service,  avoiding  long  periods  of  work  tension,  etc.,  and  educating 
shift  workers  to  make  optimum  use  of  leisure). 


537. 

Fernstrom,  J.  0.  The  effect  of  nutritional  factors  on  brain  amino  acid  levels 
and  monamine  synthesis.  Fed.  Proc.  35:  1151-1156,  1976. 

538. 

Fernstrom,  J.  0.  Effects  on  the  diet  and  brain  neurotransmitters.  Metabol 1 sm 
26:  207-223.  1977. 

539. 

Fernstrom,  J.  0.,  and  R.  Wurtman.  Nutrition  and  the  brain.  Scl.  Am.  230: 
84-91,  1974.  

540. 

Ferrari,  E. , et  al . Environmental  Influences  on  the  circadian  rhythm  of  the 
CRH-ACTH-adrenal  cortical  system  In  man.  Probl.  Actuals  Endocrinol.  Nur.  19: 
223-240,  1975.  
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541 

Fincher,  J.  Sleepers  are  given  polygraph  tests  to  solve  a riddle. 

Smithsonian,  pp.  85-95,  1978. 

542. 

Finger,  R.  The  modification  of  the  circadian  rhythm  by  age  and  sex  In  humans. 

Bad  Godesberg:  Deutsche  Versuchsanstalt  fuer  Luft-und  Raunfahrt.  Inst.  Fuer 

Flugmedizin,  DLR-FB-68-31,  1968,  69  pp. 

543. 

Finkelstein,  J.  S. , F.  R.  Baum,  and  C.  S.  Campbell.  Entrainment  of  the  female 

hamster  to  reversed  photoperlod:  role  of  the  pineal.  Physiol.  Behav.  21: 

105-111,  1978. 

The  effects  of  pinealectomy  and  photoperlod  reversal  on 
locomotor  activity  and  behavioral  receptivity  rhythms  were 
Investigated  In  the  hamster.  Activity  rhythms  of  the  control  animals 
required  7.3  days  to  reentrain  to  the  reversed  photperlod, while 
pineal ectomized  animals  showed  a precocious  reentrainment  of  running 
activity.  Behavioral  receptivity  reentrained  to  the  new  photoperlod 
within  the  first  estrous  cycle  after  photoperlod  reversal  In  all 
animals.  Thus  there  was  a dissociation  between  the  rhythms  of 
activity  and  behavioral  receptivity  following  photoperlod  reversal , 
suggesting  th^t  two  circadian  rhythms  that  are  thought  to  be  regulated 
by  a common  circadian  system  can  become  uncoupled  from  each  other. 

The  estrous  cycle  rhythms  of  estradiol,  progesterone,  FSH  and  uterine 
wet  weight  all  appeared  to  be  reentrained  by  at  least  the  third 
estrous  cycle  after  photoperlod  reversal.  This  suggests  that  sex 
hormone  rhythms  are  more  rapidly  reentrained  than  had  been  previously 
thought  possible  from  studies  on  reentral nrnent  of  ovulation. 

544. 

Finkelstein,  S.  Rest  can  help  travellers  after  long  flights.  Montreal:  Int. 

Civil  Aviation  Organiz,  Bulletin,  1973. 

545. 

Florica,  V.,  E.  A.  Higgins,  P.  F.  Lanpletro,  M.  T,  Lategola,  and  A.  W.  Davis. 

Physiological  responses  of  men  during  sleep  deprivation.  Appl.  Physiol. 

24;  167-176,  1968. 

546. 

Firsova,  N.  Are  we  affected  by  biorhythms?  Trud.  Sept.  1978,  3 pp. 

A review  of  1 ow-freouency  biological  rhythms  by  a Russian 
psychologist  Indicates  that  Russian  Investigators  are  aware  of  the 
biorhythm  theory  but  no  position  Is  taken  on  the  validity  of 
biorhythms. 

547. 

Fischer,  C.  Driver  Fatigue.. .and  what  to  do  about  It.  Family  Safety,  Summer 

1979,  pp.  24-27. 
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«.  \ tti.  ine».  Effects  of  »^yt*ws  e^  »atc'«*»<c 

r^f  Its  idtJ*  5svc*«c>^s<c1c^  1*:  ?3, 

1977. 

effects  e*  Molocic*!  •’rytfns  the  *^litiw*sMc 
iut£^ow<c  *u»<tfe"S  »r^  ••ire  oee^  t*«  subject  ef  »*ec«^t 

sei'Xt*.  A1t*©u9^  som  studies  hire  s^c*<"  ci*x«d'**«  c^-a’^s  *^irt 
'■ate  (*•)  actfrity,  the  »^lat^(y*s»*ip  tetwee^'  “9  activity  An‘1’*c 
various  phases  of  the  cfrcidiih  c^de  a*vJ  oerfomance  "ot  Peer 
eri^neO.  purpose  cf  t»^  presert  stu<^  »ias  to  irvesticate  c^a»»oes 
in  ^ activity  oe'^fenMnce,  a«<i  t^ei^  relat1e«sMp  (Jurino  se1ecte<1 
prases  c*  tra  circadlar  cycle.  '’»<e*ity  subjects  ««re  assio«e<J  to  eacr 
of  tre  fcnowi'^g  cooditlors:  a)  a pre-lo*»  activity  croup,  b)  a Ick 

^ activity  group,  ard  c)  a post-ipa*  «9  croup,  '^er  subjects  «re 
tested  using  sinple  reaction  tine  (9T)  task  with  a fixed  wamino 
interval,  "^ne  rev^ining  subjects  were  tested  durir»q  a RT  task  with  a 
variable  warning  intervd.  Dependent  variables  were  R"^,  magnitude  of 
HR  deceleration,  and  HR  variance  (hpv).  Subjects  in  the  low  HR 
activity  group  produced  the  slowest  RTs  while  subjects  in  the  post-low 
HP  activity  group  produced  the  fastest  RTs.  Magnitude  of  W 
deceleration  and  wRV  was  smallest  for  subjects  in  the  low  W activity 
group  while  laroest  for  subjects  in  the  post-HR  activity  orouo.  A 
significant  relationship  was  found  bet-«en  the  deceleration  and 
variability  aspects  of  MR  activity  and  RT  perfomance  for  subjects  in 
the  low  and  post-low  HR  activi^  groups  only.  The  findings  indicate 
that  circadian  rhythms  should  be  viewed  as  providing  a physiological 
context  »^ich  interacts  to  influence  the  nature  and  magnitude  of 
phasic  and  tonic  autonomic  activity. 


549. 

Fix,  A.  J.  Biorhythms  and  sports  performance.  The  Zetetic  1:  53-57,  1976. 

The  performances  of  the  best  hitters  on  every  major  league 
baseball  team  for  the  1975  season  were  analyzed  with  respect  to 
biorhythm  cycles.  Their  hitting  wasn't  significantly  different  on 
high,  low  or  critical  days. 


550. 

Fliess,  W.  Per  Ablauf  des  Lebens:  Rrundleguno  zur  Exakten  Biologie  (The 

course  of  life,  foundation  of  an  exact  biology).  Leipzig-Vienna:  Franz 

Oeuticke,  1906,  564  pp. 

This  is  Fliess'  major  book  describing  his  discovery  of  the  23  and 
28  day  biorhythms.  His  basic  theory  states  that  all  natural 
biological  processes  and  events  reflect  the  influence  of  23  day  (male) 
and  28  day  (female)  cycles  and  all  of  the  integer  multiples  of  these 
cycles.  His  basic  formula  can  be  written  23X  + 28Y,  where  X and  Y are 
positive  or  negative  integers.  On  almost  every  page,  Fliess  fits  this 
formula  to  natural  phenomena  ranging  from  the  cell  to  revolution  of 
the  moon  and  sunspot  cycles.  The  book's  appendix  is  filled  with  such 
tables  as  multiples  of  23,  28,  23*28,  644(23*28)  and  others.  Other 
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tables  list  nunfeers  from  1 to  28  or  1 to  51,  each  expressed  as  a 
difference  betmen  multiples  of  23  and  28  (e.g.,  13  - (21*28)- (25*23). 
Flless  apparently  did  not  realize  that  If  any  two  positive  Integers 
that  have  no  common  divisor  are  substituted  for  23  and  28  In  his 
formula.  It  Is  possible  to  express  any  positive  Integer  whatever.  Any 
event  can  be  recreated  as  a multiple  of  23  and  28  day  cycles  from  a 

?1ven  starting  point  using  this  formula.  For  example:  1 - (23*11)  * 

28*  - 9),  2-  (23*(11*2))  + (28*(-9*2)),  3 • (23*(11*3))  + (28*(9*3)) 
...etc.  Even  If  x and  y are  limited  to  positive  Integers,  It  Is  still 
possible  to  express  all  positive  Integers  greater  than  a certain 
Integer  (593)  with  the  formula.  Note:  for  Integers  less  than  593,  as 
N Increases  the  Interval  between  a day  number  which  Is  a positive 
Integral  multiple  of  23  and  28  converges.  For  example,  on  day  46 
after  birth  (where  the  reputed  biorhythms  originate),  the  Interval  Is 
23  days,  on  day  102,  It  Is  5 days,  and  by  day  163  It  Is  2 days.  Beyond 
day  593  It  Is  one  day.  This  means  that  any  day  In  the  life  of  a 
person  more  than  593  days  old  can  be  expressed  as  the  combination  of 
Flless*  23  and  28  day  biorhythm  cycles  (I.e.,  every  day  would 
theoretically  be  a biorhythm  critical  day!).  This  analysis  of  the 
Flless  biorhythm  theory  Is  In  marked  contrast  to  that  of  Thommen,  who 
claims  Flless  discovered  the  23  and  28  day  cycles  while  studying 
periodicity  In  disease  states.  Neither  Thommen  or  the  other  biorhythm 
proponents  cite  Flless*  earlier  1897  book  (for  description,  see 
Gardner,  Scientific  Amer.  215:  108,  July  1966)  which  Is  understandable 
given  Its  arcane  Ideas  concerning  the  relationship  between  the  nasal 
mucosa  and  sexual  Irregularities  and  their  treatment  by  cocaine. 
Thommen  falls  to  mention  the  Flless  formulas  as  using  Integer 
multiples  of  23  and  28  day  cycles  to  correlate  with  biological  events. 
The  use  of  Integer  multiples  of  23  and  28  days  allowed  Flless  to 
explain  any  biological  event  or  cycle  on  the  basis  of  his  theory. 
Including  biological  events  which  result  from  stochastic  processes, 
thereby  rendering  the  theory  totally  useless.  Thommen  also  falls  to 
mention  that  Flless  applied  the  biorhythm  theory  to  animals,  plants 
and  even  astronomical  events. 
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Folkard.  S.  Diurnal  variation  In  logical  reasoning.  Br*  J,  Psychol.  66:  1-8. 

1975. 
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Folkard,  S.  The  nature  of  diurnal  variations  In  performance  and  their 

Implications  for  shift  work  studies  (abstract).  Int.  £.  Chronoblol.  3:  16, 

557. 

Folkard,  S.  Circadian  rhythms  and  human  memory  (abstract).  Chronoblol ogl a 6: 

98,  1979. 

This  paper  reviews  the  early  and  more  recent  literature  on  the 
effects  of  time  of  day  on  human  memory*  and  on  the  performance  of 
other  tasks  Involving  a high  memory  load.  A distinction  will  be  drawn 
between  Immediate  and  delayed  memory.  It  will  be  shown  that.  In 
general.  Immediate  memory  decreases  over  most  of  the  normal  waking 
day.  In  contrast,  delayed  retention  Is  superior  for  Information 
originally  presented  In  the  afternoon  or  evening,  but  the  time  of  day 
at  which  people  attempt  to  retrieve  Information  from  memory  has 
little.  If  any,  effect  on  performance.  The  current  theoretical 
Interpretation  of  these  findings  will  be  discussed,  together  with 
their  Implications  for  scheduling  of  different  types  of  task  In  both 
"normal  day"  and  "shift  work"  situations. 


558. 

Folkard,  S,,  and  S.  M.  Haines.  Adjustment  to  night  work  In  full  and  part-time 
night  nurses.  J.  Physiol.  (Lond.)  267:  23P-24P,  1977. 

559. 

Folkard  S.,  P.  Knauth,  T.  H.  Monk,  J.  Rutenfranz.  The  effect  of  memory  load 
on  the  circadian  variation  In  performance  efficiency  under  a rapidly  rotating 
shift  system.  Ergonomics,  19:  479-488,  1976. 

Experimental  shift  work  studies  have  typically  found  body 
temperature  and  performance  efficiency  to  show  very  similar  circadian 
rhythms.  However,  the  performance  tasks  used  have  placed  little.  If 
any,  reliance  on  short  term  memory.  Studies  of  the  variation  In 
performance  during  the  normal  waking  d^y  have  found  performance  on 
most  tasks  to  Improve  over  the  day  but  that  on  short  term  memory  tasks 
to  decrease.  The  present  paper  reports  an  experimental  study  of  the 
performance  of  two  subjects  on  a rapidly  rotating  (2-2-2)  shift 
system.  Three  versions  of  a new  performance  test,  each  with  a 
different  memory  load,  were  administered  four  times  per  shift.  With 
the  low  memory  load  version,  performance  showed  a high  positive 
correlation  with  body  temperature  and  was  poor  during  the  nightshift. 
However,  with  the  high  memory  load  version,  performance  was  negatively 
correlated  with  temperature  and  was  best  during  the  night  shift.  It 
Is  concluded  that  future  shift  work  sti*d1es  must  take  Into  account  the 
memory  load  of  the  task  under  Investigation. 
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Folkard,  S.,  and  T.  H.  Honk.  Individual  differences,  and  personality  factors. 
In  adjustment  to  shift  work  (abstract).  Ergonomics  21:  868,  1978. 

The  present  paper  reports  the  results  of  a preliminary  study  In 
which  the  48  “permanent"  night  nurses  taking  part  In  a large  shift 
work  study  were  given  a specially  developed  questionnaire,  designed  to 
distinguish  between  "good"  and  "poor"  adjusters  to  shift  work.  Factor 
analyses  Indicated  that  there  were  three  main  factors:  (1)  the 
rigidity  or  flexibility  of  people's  sleeping  habits,  (11)  people's 
ability  to  overcome  drowsiness,  and  (111)  whether  people  were 
“morning"  or  "evening"  types.  Significant  correlations  were  found 
between  the  nurses" scores  to  each  of  these  factors  and  a number  of 
psychological  and  physiological  measures  of  adjustment  of  circadian 
rhythm,  thus  Indicating  that  the  factors  had  at  least  concurrent 
validity.  It  Is  concluded  that  It  may  prove  feasible  to  develop  a 
questionnaire  that  would  predict  people's  ability  to  adjust  their 
rhythms  to  shift  work,  and  that  flexibility  of  sleeping  habits  and  the 
ability  to  overcome  drowsiness  should  be  components  of  such  a 
questionnaire. 
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Folkard,  S. , and  T.  H.  Monk,  Shiftwork  and  performance.  Human  Factors  21; 

483-492,  1979. 
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Folkard  S, , and  T.  H.  Monk.  Difference  In  the  circadian  response  to  a slowly 

rotating  shift  system  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work, 

5th,  Rouen,  FR.,  1980,  p.  VI 1-3.  ■“ 
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Folkard,  S.,  T,  H.  Monk,  and  M.  C,  Lobban.  Short  and  long-term  adjustment  of 

circadian  rhythms  In  'permanent'  night  nurses.  Ergonomics  21:  785-799,  1978. 

Two  studies  are  described  In  which  differences  were  found  In  the 
adjus'iment  of  the  circadian  rhythms  of  full  and  part-time  night  nurses 
to  night  work.  A distinction  was  drawn  between  short-term  adjustment 
that  takes  place  over  successive  night  shifts,  and  long-term  adjustment 
that  may  take  the  form  either  of  a permanent  "flattening"  of  the 
rhythm,  or  of  a facilitations  of  short-term  adjustment.  The  results 
from  the  first  study  Indicated  that  even  when  the  potential  for 
greater  sho**t-tem  adjustment  was  controlled  for,  the  full-time  staff 
showed  greater  adjustment  to  night  work.  The  second  study  examined 
these  differences  In  long-term  adjustment  In  greater  detail.  No 
evidence  was  found  of  a permanent  "flattening"  of  the  full  timers' 
circadian  rhythms,  although  they  showed  clear  evidence  of  adjustment 
even  If  on  the  first  of  a period  of  successive  night  shifts.  The 
full-timers  also  showed  more  evidence  of  adjustment  from  the  first  to 
the  second  night  shift.  It  Is  suggested  that  these  differences  In 
long-term  adjustment  may  reflect  differences  In  the  degree  to  which 
the  nurses  scheduled  their  lives  towards  night  work. 
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Folkard,  S.,  T.  H.  Monk,  and  M.  C.  Lobban.  Towards  a predictive  test  of 
adjustment  to  shift  work.  Ergonomics  22;  79-91,  1979. 
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Ford,  L.  R.  Recommended  Procedure  for  Evaluation  of  the  Effects  of  Biological 
Rhythms  on  a Maintenance  Task.  (Report  No.  AD-786/499/4GA),  1974,  40  pp. 

The  paper  examines  past  research  concerning  biological  rhythms  and 
human  performance  and  suggests  methods  for  future  research  concerning 
biological  rhythms  of  their  effects  of  performance  of  a maintenance 
type  task.  Mapy  studies  have  been  done  concerning  biological  rhythms 
but  relatively  little  research  has  been  directed  toward  the  effects  of 
biological  rhythms  on  performance  of  an  actual  motor  task.  While  no 
substantial  conclusions  can  be  drawn  from  this  paper.  It  does  point 
out  that  future  research  Is  desirable  and  suggestions  are  offered  for 
directing  future  research. 
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337-344,  1974.  
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Inversion  In  permanent  and  occasional  shiftworkers  (abstract).  Sleep  Res.  6: 
217,  1977. 
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Fcret,  J.,  and  0.  Benoit.  Shift  work  and  sleep.  In:  Memory,  Environment, 
Epilepsy,  Sleep  Staging,  edited  by  W.  P.  Koella  and  P.  Leum,  New  York:  Karger 
Press,  19//,  pp.  81 -8o. 
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Foret,  J.,  and  0.  Benoit.  Etude  due  sommell  de  travallleurs  a horalres 
alternantes.  Adaptation  et  recuperation  dans  1e  cas  de  rotation  rapide  de 
post  (3-4  jours).  Eur.  J.  Appl.  Physiol.  38:  71-82,  1978. 
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Foret,  J.  and  0.  Benoit.  Shiftwork:  the  level  of  adjustment  to  schedule 
reversal  assessed  by  a sleep  stu<(y.  Waking  and  Sleeping  2:  107-112,  1978. 
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The  sleep  of  shiftwrkers  of  an  oil  refinery  was  studied.  Abrupt 
modifications  of  sleep  patterns  occur  when  Ss  shift  from  night  sleep 
to  day  sleep  and  vice  versa.  During  the  diurnal  sleeps  In  succession, 
an  adaptation  Is  evident  but  It  remains  limited,  even  at  the  fourth 
dAy  sleep.  This  limited  adjustment  Is  due  to  the  Internal  structure  of 
sleep  which  1$  clearly  abnormal  at  the  first  day  sleep  but 
progressively  tends  towards  the  structure  of  a nocturnal  sleep.  The 
Interindividual  variability  was  emphaslied.  Average  results  conceal 
Individual  "sleep  strategies".  Some  Ss  seem  to  be  very  sensitive  to 
sleep  deficit.  In  contrast  some  others  have  rigid  sleep  structure 
which  hinders  a quick  adjustment  to  schedule  reversal. 
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Foret,  J.,  0.  Benoit,  and  B.  Merle.  Can  the  short-term  adjustment  of  an 
Individual  to  schedule  Inversion  be  predicted?  Chronoblologla  6;  98-99,  1979. 

We  performed  a laboratory  study  on  the  effects  of  schedule 
Inversion  and  sleep  deprivation  (without  phase-shifting)  on  sleep 
patterns  and  some  other  physiological  and  psychophyslological 
functions:  temperature,  heart  rate,  mood,  vigilance.  Two  groups  of 

subjects  were  used:  natural  long  sleepers  (LS)  and  short  sleepers 
(SS)  (<6  h,  n * 5)  (>9  h of  sleep/day.  n « 5*.  Results:  a.  under 
regular  conditions,  there  Is:  a signficant  difference  In  the  time  cf 
temperature  peak;  a significant  difference  In  temperature  amplitude 
between  LS  and  SS.  b.  after  schedule  Inversion  (that  Is,  24  h of 
wakefulness),  there  Is:  a negative  correlation  (Spearman)  between 
temperature  amplitude  and  phase-shifting,  In  agreement  with  Reinberg 
(1978).  c.  after  sleep  deprivation  (that  Is,  36  h of  wakefulness) 
there  Is:  a positive  correlation  (Spearman)  between  spontaneous  sleep 
duration  and  phase-shifting. 

Most  striking  Is  the  non- difference  In  morning  sleep  between  the 
different  groups.  In  the  recovering  nights  after  Inversion  or  sleep 
deprivation  the  differences  between  LS  and  SS  are  the  same  type  as  In 
reference  nights  (more  PS  In  LS  and  the  same  amount  of  SWS),  as 
previously  described  In  other  studies. 
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effects  of  Irregular  work  schedules  on  sleep.  In:  Aspects  of  Human 
Efficiency:  Diurnal  Rhythm  and  Loss  of  Sleep  (Proc.  of  the  3ympos1  uir.) , 
Strasbourg,  Fr.,  19?0,  edIteTly  H.  P.  Colqunoun.  London:  English  Univ. 

Press,  1972,  pp.  273-282. 
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Forgays,  D.  G.  and  J.  M.  Levin.  Man  In  Isolation  and/or  enclosed  space  - 
Report  of  activities  at  NATO  symposium  In  Rome,  Italy,  1969.  Burlington: 
Vermont  Univ.  1S69,  19  pp. 
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Fort,  A.,  0.  8.  Furguson,  k.  M.  P.  E.  klecher,  and  C.  A.  Bolchway.  The  use  of 
saliva  In  monitoring  adjustment  to  experimental  phase  shifts.  Ergonomics  21: 
865-866,  1978. 
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Each  of  the  physiological  and  psychological  variables  used  to 
study  adjustment  to  phase  shifts  has  problems  associated  with  Its  use. 
Since  the  flow  rate  and  concentration  of  some  components  of  saliva 
show  circadian  variation,  and  Its  collection  Is  easy  and  painless,  we 
have  attempted  to  discover  which  typ<^  of  saliva  could  be  used  most 
readily  to  demonstrate  adjustment  of  phase  shifts.  !n  comparing 
rhythms  In  s/'lva  from  different  glands,  we  obtained  data  for  every 
hours  of  day  and  nl^t.  In  phase  shift  experiments  we  used  a more 
convenient  schedule  with  saliva  collections  at  0800,  1200,  2000  and 
2400  h.  At  least  10  of  16  subjects  showed  circadian  variation  In 
sodium,  chloride,  potassium,  calcium,  phosphate,  protein  and  nitrogen 
concentrations  In  parotid,  submandibular  and  whole  salivas. 
Cross-lagged  correlations  showed  that  rhythms  were  In  phase  In  the 
three  types  of  saliva,  for  sodium,  chloride  and  nitrogen 
concentrations.  Peak  concentration  times  were  most  consistent  for 
flow  rate  and  sodltin  and  chloride  concentration.  Phase  shifts  of  eight 
hours  advancement  of  retardation  caused  the  rhythms  In  «4)ole  saliva 
variables  to  change  or  disappear.  The  diurnal  patterns  In  chloride 
concentration  and,  less  obviously,  sodium  concentration  and  flow  rate 
returned  In  3-6  days.  Adjustment  of  rhythms  was  monitored  by 
examining  peak  times  of  flow  rate  or  concentration,  and  by 
correlations  of  the  diurnal  patterns.  Whole  saliva  provides  an  easily 
obtainable  physiological  fluid  with  reproducible  circadian  variation 
In  flow  rate,  sodium  and  chloride  concentrations  (easily  measured 
variables)  and  rhythms  of  these  variables  provide  a means  of  assessing 
adjustment  to  phase  shifts. 
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The  relationship  between  deep  body  temperature  and  performance  on  psychometric 
tests.  J.  Physiol.  219:  17P-18P,  1971. 
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Fort,  A.,  M.  T.  Harrison,  and  J.  N.  Hills.  Psychometric  performance: 
circadian  rhythms  and  effect  of  raising  body  temperature.  J.  Physiol.  231: 
114P-115P,  1973. 

579. 

Fort,  A.,  and  J.  N.  Mills.  Influence  of  sleep,  lack  of  sleep  and  circadian 
rhythm  on  psychometric  test  performance.  In:  Aspects  of  human  efficiency: 
Diurnal  Rhythm  and  Loss  of  Sleep  (Proceedings  of  the  Symposium, "Strasbourg, 
France,  19/6),  edftad  V W.  P.  Colouhoun.  London:  English  Univ.  Press,  1972. 
pp.  115-127. 

The  effects  of  sleep,  lack  of  sleep,  and  circadian  rhythm  on  the 
performance  of  subjects  were  studied.  Psychometric  tests  based  on  two 
different  methods  were  used  to  assess  the  Influence  of  nychthemeral 
variation.  The  results  of  the  tests  are  presented  In  dlagranm  and 
discussed. 
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Fowler,  M.  F.,  M.  J.  Sullivan,  and  B.  R.  Ekstrand.  Sleep  and  memory*  Science 
179:  302-304,  1974. 


Two  experiments  demonstrated  that  memory  over  an  Interval  with 
relatively  high  amounts  of  rapid  eye  movement  (REM)  sleep  was  Inferior 
to  memory  over  an  Interval  with  relatively  high  amounts  of  stage  4 
sleep.  The  results  suggest  that,  at  least  for  humans,  REM  sleep  does 
not  facilitate  memory  consolidation  and  that  stage  4 sleep  ma:'  be 
beneficial  to  memory. 
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Fox,  J.,  and  R.  Fox.  Biorhythm  for  computers.  Byte  1:  20-23,  1976. 

This  article  provides  a computer  program  for  user  calculation  and 
plottino  of  the  FI less*  blorhytMa  cycles.  The  output  provides  dates 
on  the  left  hand  side  and  a line  printer  plot  of  the  three  biorhythm 
cycles:  physical  (P),  emotional  (E),  and  Intellectual  (I)  on  the 
right  side. 
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Fralsse.  P.  Temporal  Isolation,  activity  rhythms,  and  time  estimation.  In: 

Man  In  Isolation  and  Confinement.  Chicago:  Aldine  Publishing  Co.,  1973,  pp. 



French  cave  studies  are  considered  together  with  the 
sleep-wakefulness  irhythm,  the  body  temperature  rhythm,  questions 
regarding  he  evolution  of  vigilance  and  performance,  the  estimation  of 
duration,  the  estimation  of  the  length  of  a stay  underground,  and  the 
estimation  of  long  and  short  <hirat1ons.  It  Is  attempted  to  stutly  some 
conseqMnces  of  the  complete  temporal  Isolation  on  subjects  confined 
to  caves  or  bunkers  In  the  “free-  running"  condition.  In  this 
condition,  the  subject  1$  free  to  organize  his  life  In  his  own  way. 
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Francesconi,  R,  P.,  J,  W,  Stokes,  L.  E.  Banderet,  and  0.  M.  Kowal.  Sustained 
operations  and  sleep  deprivation:  effects  on  Indices  of  stress.  Aviat.  Space 
Environ.  Med.  49:  1271-1274,  1978. 

Two  groups  of  highly- trained  and  motivated  military  personnel  were 
deprived  of  sleep  while  sustaining  performance  of  their  assigned 
military  tasks  In  a laboratory  simulation:  one  team  (I)  was  sleep 
deprived  for  48  h while  the  second  team  (II)  was  deprived  of  sleep  for 
two  consecutive  39-h  periods  separated  by  a 33-h  rest  Interval. 

Six-hour  urine  samples  were  collected  on  a 24-h  basis  after  an 
appropriate  control  period  for  each  team.  During  sleep  deprivation, 
each  team  performed  Its  functions  as  an  artillery  fire  direction 
center  (FOC)  In  response  to  a sustained  simulated  combat  scenario. 

Results  suggested  that  anticipation  and  perception  of  the  experimental 
situation  affected  the  common  urinary  Indices  of  stress.  Fur  example, 
team  I,  Informed  that  they  might  be  required  to  sustain  operation  for 
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86-h.  had  ilgnlf leant  Inertases  In  both  urinary  17-hydro)^cort1* 
costarolda  (lO-OHCS)  (p<0*01,  36  h)  and  total  catachol amines  (p<0.01, 
24  h).  Alternatively,  team  It,  realizing  that  each  of  their  sustained 
operations  challenges  would  not  exceed  42  h,  had  significantly 
decreased  17-OHCS  due  largely  to  decrements  In  the  usually  high 
outputs  rKorded  between  0600-1200  hours  (e.  g,  p<0.?5,  30  h). 

Analogously,  total  catecholamines  were  significantly  reduced  after  24 
(p<0.02)  and  30  (p<0.05)  h.  Ue  conclude  from  these  studies  that, 
under  these  conditions,  generally  similar  effects  are  noted  for 
sympathicoadrenomedullary  and  adrenocortical  activity.  Further,  the 
responses  are  affected  fay  situational  uncertainty  as  well  as  apparent 
cumulative  fatigue. 


584. 

Frazier,  K.  Science  and  the  parasclence  cults.  Science  News  109:  346-348^ 
350,  1976.  

This  article  reviews  the  flood  of  Interest  In  what  1$  variously 
called  fringe  science,  borderline  science,  pseudoscience,  paranormal 
phenomena,  occultism,  the  new  Irrationalism,  etc.  Fortunes  are  made 
by  exploiting  the  public's  fascination  with  the  unknown  and  the 
typical  scientists'  reaction  is  disgust.  The  problem  Is  difficult  for 
science  since  the  time  and  effort  required  to  systematically  point  out 
the  errors  In  fact  and  logic  In  a complex  pseudoscience  theory  are  not 
trivial.  Some  scientists  consider  this  effort  to  be  useless  since 
regardless  of  the  facts  there  will  always  be  a certain  number  of 
proponents  willing  to  believe  In  any  claim.  What  distinguishes 
science  from  pseudoscience  1$  not  subject  matter  but  methodology. 
Scientific  methodology  Includes  fal si f lability  (one  will  get  a 
negative  result  If  the  hypothesis  Is  not  true),  replicability, 
Intersubjective  verifiability  (agreement  between  iidvocate  and  critic 
of  c»’1ter1a  for  verifying)  and  Occam’s  Razor  (thr  simplest  of  two 
equally  satisfactory  explanations  takes  precedence).  The  burden  of 
proof  Is  on  those  who  claim  the  existence  of  an  anomaly:  extraordinary 
proof  Is  necessary  for  extraordinary  claims.  Examples  of  faulty  logic 
and  faulty  evidence  are  given  for  the  claims  of  proponents  of  UFO's, 
telekinesis.  Von  Oaniken's  books  and  the  Bermuda  Triangle  nystery. 

The  genesis  of  pseudoscience  Is  sianmed  up  In  a quote:  "the  legend 
the  Bermuda  Triangle  Is  a manufactured  aystery.  It  began  because  of 
careless  research  and  was  elaborated  upon  and  perpetuated  by  writers 
who  either  purposely  or  unknowingly  made  use  of  misconceptions,  faulty 
reasoning  and  sensationalism. 

585. 

Frazier  T.  W.,  V.  A.  Senignus,  H.  G.  Every,  andJ.  F.  Parker,  Jr.  Effects  of 
72-hour  partial  sleep  deprivation  human  behavioral  and  physiological  response 
measures.  Falls  Church,  Ya.:  Biotechnology,  Inc.,  1971,  44  pp. 

Ten  adult  males  were  subjected  to  partial  sleep  deprivation 
experiments  In  order  tu  stud^  the  effects  of  progressive  sleep 
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deprivation  on  the  basic  biological  rbythas  underlying  performance  on 
signal  detection  tasks  and  to  assess  the  value  of  using  change  In 
biological  rhythms  as  an  objective  measure  of  human  response  to  such 
types  of  stress.  The  data  obtained  were  subjected  to  a power  density 
spectral  analysis  with  a program  based  upon  the  Fast  Fourier 
Transform.  The  results  show  that  signal  detection  measures»  response 
latency,  and  heart  rate  are  all  highly  sensitive  In  reflecting 
progressive  loss  of  performance  capability*  Power  spectral  data  also 
show  changes  as  a function  of  sleep  deprivation.  Indicating  that  one 
feature  of  this  type  of  stress  msy  be  an  alteration  of  basic  human 
biorhythms. 


586. 

Frazier,  T.  W.,  V.  West,  M.  G.  Every,  and  J.  F.  P.  Parker.  Use  of  special 
analyses  In  the  study  of  human  behavioral  and  physiological  response  measures 
Washington  D.C.:  Amy  Medical  Research  and  Development  Command-Office  of  the 
Surgeon  General,  AO-732  951,  1971,  79  pp. 

In  assessing  changes  In  behavior,  such  as  those  found  with  sleep 
loss,  the  principal  problem  Is  one  of  measurement.  The  objective  of 
the  series  of  studies  described  In  this  report  was  to  develop  and 
validate  a measurement  and  analysis  technique  for  examining  human 
responses  occurring  through  time.  In  the  six  studies  reported,  power 
spectra  were  computed  for  experimental  data,  along  with  coherence 
analyses  and  tests  of  significance.  Behavioral  results  were  compared 
with  one  another  and  with  simultaneously  recorded  physiological  data. 

The  data  from  these  studies  Indicate  there  are  several  rather  stable 
biological  rhythms,  or  oscillations,  which  occur  In  performance 
patterns.  Several  oscillations  were  Identified  In  addition  to  the 
large  (1.1  cycles/day)  oscillation  which  corresponds  to  circadian 
rlythm.  Oscillations  of  weaker  Intensities  were  found  at  4.5,  9.0 
(close  to  the  work/rest  cycle),  and  18  cycles/day.  The  Imposition  of 
mild  stress  conditions  was  found.  In  miy  Instances,  to  have  a 
significant  effect  on  the  character  of  the  basic  biorhythms.  It  Is 
felt  that  the  use  of  time  series  data.  In  which  rhythmlcltles  In 
oerformance  are  Identified  and  studies  as  the  organism  Is  exposed  to 
unusual  or  stressful  environments,  represents  a relatively  new  and 
potentially  fruitful  approach  to  behavioral  research. 


587. 

Frelvalds,  A.  Investigation  of  Circadian  Rlythms  on  Select  Psychomotor  and 

Neurological  Functions.  (Thesi sT  Un<verslV  of  Wchlgan,  1979,  iSO  pp. 

(Abstracted  In  PlssHIbstr.  40:  491 3-B,  1980). 

This  Investigation  was  designed  to  examine  the  existence  of 
circadian  rhythms  In  response  variables  that  relate  most  meaningfully 
to  the  physiological  and  neurological  state  of  the  body  throughout  the 
dqy  and  also  be  Indices  of  performance.  The  physiological  variables 
Included:  deep  body  temperature,  oAvoen  consumption,  respiration 
rate,  blood  pressure,  forearm  blood  flow,  heart  rate  and  basal  skin 
resistance.  The  performance  measures  Included  the  amplitude  of 


electroiofogrm  for  given  miscle  tension  (called  efficiency  of 
electrical  activity)  Achilles  tendon  reflex,  Mxlmuii  nerve  conduction 
velocity,  physiological  trenor,  slaple  reaction  tine,  naximun 
Infonmtlon  processing  rate  for  a choice-response  task  and  critical 
eye-hand  tracking  capacity*  An  analysis  of  variance  of  the  data 
shOMed:  .1'  the  existence  of  an  hourly  variation  for  all  but  three 
variables;  basal  skin  resistance,  nean  arterial  pressure,  and  slope 
of  the  EEA,  2)  a significant  subject  variation  for  heart  rate,  oxygen 
consumption,  Achilles  tendon  reflex. 
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Friedman,  R.  C.,  J.  Bigger,  and  D.  S.  Komfeld.  The  Intern  and  sleep  loss. 

N.  Engl.  J.  M-  285:  201-203,  1971. 

589. 

Friedmann,  J.,  6.  Globus,  A.  Huntley,  0.  Nullaney,  P.  Haltoh,  and  L.  Johnson. 
Performance  and  mood  during  and  after  gradual  sleep  reduction. 

Psychophysiology  14:  245-250,  1977. 

590. 

Friedmann,  J.,  G.  Globus,  A.  Huntley,  D.  Mullaney,  P.  Maltoh,  L.  Johnson. 
Performance  and  mood  during  and  after  gradual  sleep  reduction  (abstract). 

Sleep  Res.  7:  412,  1978. 

591. 

Frltzsch,  W.,  et.  al.  Zeltschrlfte  fuer  die  Hygiene  und  Ihre  Grenzgeblete 
(Night-shift  Mork  and  the  health  status  of  Morking  women.  Z.  Gesamte  Hyg.  23: 
885-888,  1977.  

592. 

Froberg,  J.  E.  Circadian  Rhythms  In  Catecholamine  Excretion.  Performance  and 
Self ratings.  Laboratory  for  clinical  stress  Research,  Departments  of  Heoicine 
and  Psychiatry,  Karol Inska  SJukhuset,  Stockholm,  Sweden,  Report  No.  36,  1974, 

22  pp. 


Circadian  variations  have  been  found  In  adrenaline  excretion  as 
well  as  In  performance  and  subjective  arousal.  No  study,  however,  has 
yet  been  reported  In  which  all  three  aspects  of  arousal -physiological, 
subjective  and  behavioural -have  been  measured  simultaneously.  Ne  have 
stud1ed-1n  a series  of  experiments  designed  to  test  the  ability  of 
military  personnel  to  endure  a three-dgy  vigil  under  conditions  of 
continuous  activity  and  a “stressful*  mil  leu-circadian  rhythms  In 
catecholamine  excretion,  performance  and  “subjective  arousal*.  The 
present  paper  Is  concerned  with  two  experiments.  In  which  a total  of 
twenty-nine  subjects  were  deprived  of  sleep  for  seventy- two  hours  with 
three  hourly  measurements  of  urinary  catecholamines,  self-ratings,  and 
performance.  The  purpose  of  this  study  was  to  answer  the  following 
questions:  (1)  Are  there  psychophyslologic  circadian  rhythms  which 

persist  under  conditions  of  sleep  deprivations  with  continuous 
activity  and  regularly  spaced  meals?  (2)  If  so,  what  are  their 
characteristics  In  terms  of  the  shape  of  the  curves,  phases  and 
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amplitudes?  (3)  Mtiat  time  relationships  exist  between  different 
functions,  1.e«,  physiologic,  subjective  and  performance  measures? 


593. 

Froberg,  J.  E.  Psychophyslological  circadian  rhythms.  A literature  review. 
Stockholm:  Research  Inst,  of  National  Defense,  1975,  28  pp. 

594. 

Froberg,  J.  E.  1Wenty*four  hour  patterns  In  human  performance,  subjective  and 
physiological  variables  and  differences  between  morning  and  evening  active 
subjects.  Biol.  Psychol.  5:  119*134,  1977. 


595. 

Froberg,  J.  E.  Task  complexity  and  24-hr  performance  patterns  In  morning  and 
evening  active  sibjects.  Stockholm:  Research  Inst,  of  National  Defense, 
1978,  16  pp. 

One  morning  active  and  one  evening  active  group  of  subjects  were 
deprived  of  sleep  for  72  hours.  Measures  of  performance  In  a coding 
task  were  obtained  at  three  different  levels  of  complexity,  and  In 
conditions  with  an  Incentive  or  an  auditory  disturbance,  respectively. 

The  results  showed  that  complexity  of  the  task  did  not  affect  24  hour 
patterns  In  performance,  while  other  two  conditions  tended  to  enhance 
performance  In  the  morning  hours,  and  this  was  especially  pronounced 
In  the  morning  active  group. 


596. 

Froberg,  J.  E.,  and  Akerstedt.  Effects  of  Shift  Work  on  Health  and 
Well-Being.  Paper  presented  at  the  International  Technical  Fair  on  Working 
Environment  and  Outside  Air  Protection  and  Noise  Problems,  Jonkoping,  Sweden, 
1974,  18  pp. 

Shift  work  In  the  narrower  sense  concerns  only  a small  percentage 
of  the  working  population.  Thus  It  Is  reported  In  a Swedish 
Investigation  recently  carried  out  (Ribbing  A Froberg  1973)  that  about 
3S  of  all  gainfully  employed  work  In  2 shifts  and  about  2t  In  3 
shifts.  If  the  definition  of  shift  work  Is  also  extended  to  cover 
those  who  work  In  conditions  similar  to  shift  work,  as  In  medical 
service,  transport  work,  etc.,  the  proportion  will  be  much  larger. 

The  authors  consider  aspects  such  as  sleep  problems,  gastro-enterltic 
complaints  and  nervous  symptoms.  They  examine  the  social  effects  of 
shift  work  as  well  as  performance  and  shift  work. 


597. 

Froberg,  J.,  C.  6.  Karlsson,  and  L.  Levi.  Shift  work:  a study  of 
catecholamine  excretion,  self-ratings  and  attitudes.  In:  Night  and  Shift 
Work,  edited  by  A.  Swensson.  Studia  Laborls  et  Salutls  11:  io-z07~n*7?I 

598. 

Froberg,  J.  E.,  C.  G.  Karlsson,  and  L.  Levi.  Circadian  rhythms  of 
catecholamine  excretion,  shooting  range  performance  and  self-ratings  of 
fatigue  during  sleep  deprivation.  Biol.  Psychol . 2:  175-188,  1975. 
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Circadian  rKytlws  In  urinary  catechol aoilne  excretion,  performance 
and  $e1f*rat1ngs  were  studied  In  two  experiments  with  a total  of  29 
subjects  who  were  deprived  of  sleep  for  72  hr.  Adrenaline  excretion 
and  fatigue  ratings  showed  the  most  consistent  circadian  variations; 
noradrenaline  and  performance  rhythms  were  more  Irregular.  The 
average  crest  phase  of  adrenaline  excretion  was  around  1400  hr,  for 
noradrenaline  about  0800  hr,  for  performance  1700  hr  and  for  fatigue 
0500  hr*  Twenty-four  hour  levels  of  performance  and  "subjective 
arousal"  decreased  over  the  three  days  of  sleep  deprivation,  while 
adrenaline  excretion  levels  Increased. 
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Froberg,  J.,  C.  G.  Karlsson,  L.  Levi,  and  L.  Lidberg.  Circadian  variations  In 
performance,  psychological  ratings,  catecholamine  excretion  and  diuresis 
during  prolonged  sleep  deprivation.  Int.  J.  Psychoblol.  2:  23-36,  1972. 

600. 

Froberg,  J.  E.,  C.  G.  Karlsson,  L.  Levi,  and  K,  Lidberg.  Circadian  variations 
In  performance,  psychological  ratings,  catecholamine  excretion  and  urine  flow 
during  prolonged  sleep  deprivation.  In:  Aspects  of  Hmnao  Efficiency; 

Diurnal  Rhythm  and  Loss  of  Sleep  (Proc.  of  the  Symp.  Strasbourg,  Prance, 

197o),  edited  tyTT.'TrT’CoTquhoun.  London:  English  Univ.  Press,  1972,  pp. 
247-259. 


Results  of  two  sleep-deprivation  experiments  In  which  sixty-three 
persons  were  examined  every  three  hours  over  a period  of  seventy-five 
hours  to  determine  catecholamine  excrotlon,  psychomotor  performance 
and  certain  other  psychological  values.  Neasurements  showed  adrenalin 
excretion  to  be  greatest  In  the  morning.  The  roughs  of  the  curve 
plotted  for  fatigue  agreed  approximately  with  those  of  the  curve  for 
adrenalin  excretion.  Mhereas  performance  declined  and  fatigue 
Increased,  dally  catecholamine  and  urine  excretion  did  not  vary  to  any 
marked  extent.  Significant  psychophyslological  correlations  were 
established  (e.g.,  between  adrenalin  excretion  and  performance). 


601. 

Froberg,  J.,  C.  G.  Karlsson,  L.  Levi,  L.  Lidberg,  and  K.  Seeman.  Conditions 
of  work;  psychological  and  endocrine  stress  reactions.  Arch.  Environ.  Health 
21:  789-797,  1970. 

Psychosocial  stressors  In  modern  working  life  and  measurement  of 
their  psychophyslological  effects  are  briefly  discussed  and  three 
stress  studies  presented.  First,  officers  and  soldiers  were  exposed 
to  a stressful  75-hour  vigil.  Significant  stress  reactions  occurred 
with  respect  to  erythrocyte  sedimentation  rate,  protein-bound  Iodine, 
serum  Iron  level,  electrocardiogram  pattern,  behavior,  and 
catecholamine  excretion.  Pronounced  circadian  rhythms  and  significant 
psychophyslological  correlations  were  demonstrated.  Second,  the 
renumeration  of  salaried  Invoicing  clerks  was  abruptly  changed  to 
piece-  wages.  The  subjects  exhibited  a sharp  rise  In  performance  but 
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4l$o  an  Increase  In  dlsconfbrt  ratings  and  catechol anine  excretion. 

Third,  office  clerks  Mere  Moved  to  and  from  various  types  of  offices. 

In  general,  sieving  from  a conventional  office  to  an  office  landscape 
Mas  accoMpanled  by  an  Increase  In  fatigue  ratings  and  catecholamine 
excretion.  The  Implications  cf  these  findings  for  environmental 
health  are  briefly  discussed. 
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Froberg,  J.  E.,  et  a1.  Psychoblological  circadian  rhythms  during  a 72  hour 
vigil.  Forsvarmedlcln  11:  192-201,  1975. 

603. 

Frolov,  N.  I.  Evaluation  of  the  moHc  capacity  of  the  pilot  In  the  course  of  a 
flight  shift.  Voenno-Med.  No.  7,  pp.  65<^,  1976. 

604. 

Frost,  J.  0.,  Jr.,  W.  H.  Shumate.  J.  G.  Salasiy,  and  C.  R.  Booher.  Sleep 
characteristics  during  the  28-  and  59-day  %ylab  silsslons.  Presented  at 
Seventh  Annual  Symposium,  Texas  Research  Institute  of  Mental  Sciences, 

Behavior  and  Brain  Electrical  Activity.  28-30  November  1973,  Houston,  Texas. 

605. 

Frost,  J.  0.,  W.  H.  Shumate,  J.  G.  Salamy,  and  C.  R.  Booher.  Sleep 
monitoring:  the  second  manned  skylab  mission.  Aviat.  Space  Environ.  Med.  47: 
372-382,1976. 

The  first  objective  measurements  of  man's  ability  to  obtain 
adequate  sleep  during  prolonged  space  flight  Mere  made  during  the 
three  manned  %ylab  missions.  EEG,  EOG,  and  head-motion  signals  Mere 
acquired  during  sleep  by  use  of  an  elastic  recording  cap  containing 
sponge  electrodes  and  an  attached  miniature  preampllfler/accelerometer 
unit.  A control-panel  assembly,  mounted  Intne  sleep  compartment, 
tested  electrodes,  preserved  analog  signals,  and  automatically 
analyzed  data  In  real  time  (providing  a telemetered  Indication  of 
sleep  stage).  One  subject  mss  studied  during  each  manned  mission  and, 
Mhlle  there  was  considerable  variation  among  Individuals,  several 
characteristics  were  common  to  all  three:  stage  3 sleep  Increased 
during  the  flight  and  decreased  In  the  pos*fl1ght  period;  stage  4 Mas 
consistently  decreased  postfllght,  although  this  stage  Mas  variable 
during  the  flight;  stage  REM  (rapid  eye  movement)  was  elevated,  and 
REM  latency  decreased  In  the  late  postfllght  period  (after  day  3 
post-recovery  and  the  number  of  amakenlngs  during  sleeep  either  showed 
no  change  or  decreased  during  the  flight.  In  only  the  28-d  mission 
(Skylab  2 was  there  a significant  decrease  In  total  sleep  time;  In 
that  case  It  was  a result  of  voluntarily  reduced  rest  time  and  was  not 
due  to  difficulty  In  sleeping  nor  frequent  awakening.  The  subject  on 
the  84-d  mission  (Skylab  4)  experienced  some  difficulty  In  the  first 
half  of  the  flight,  showing  a decreased  total  sleep  time  and  Increased 
sleep  latency,  but  this  resolved  Itself  with  time.  Sleep  latency 
presented  no  problan  In  the  other  flights.  While  mariy  of  the  findings 
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are  statistically  significant,  In  no  case  Mould  they  be  expected  to 
produce  a noticeable  decrement  of  performance  capability*  These 
findings  suggest  that  men  are  able  to  obtain  adequate  sleep  In 
regularly  scheduled  8-h  rest  periods  during  extended  space  flights* 
It  seems  likely,  based  upon  these  results,  that  the  problems 
encountered  In  earlier  space  flights  did  not  arise  from  the  zero-g 
environment  per  se  but  possibly  were  a result  of  more  restricted 
living  and  working  areas  In  the  pre-Skylab  spacecraft. 
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Fruh,  H.  Von  der  Perlodenlehre  zur  Blorhythmenlehre  (From  Periodic  Theory  to 
BlorhythmIcTheoryTT  iurich-Lel^gl  Wegweiser-7e?l  ag, , 1939-1942. 
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Fruh,  H.  Rhythmenpraxis.  (Rhythm  Usage).  Zurich:  Verlag  H.  R.  Fruh,  1943. 
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(Vigor,  Health  and  HorK-the  Phythm  of  Vigor  In  Humans).  Switzerland: 
Selbstverlag,  1946. 
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Fruh,  H.  Delne  Lelstungskurve  (Your  Performance  Curve).  Zurich:  Verlag  H. 
R.  Fruh,  im: 

610. 

Fruh,  H.  Triumph  der  Lebensrhythmen  (Triumph  of  the  life  rhythms). 

Swi tzerl and:  Leoenswelser-Verlag,  1954. 
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Fruh,  H.  Kelne  Angst  vor  der  Operation  (Mo  Anxiety  about  Operations). 
Switzerland:  Schrlfenreihe  der  Schi«lz.  Gesellschaft  fur  Perlodlschelehre 
und  Forschung,  second  edition.,  1971. 

This  book  discusses  the  use  of  biorhythm  for  the  timing  of 
surgical  operations  for  the  reduction  of  post-surgical  complications. 

He  claims  post-surgery  Irregularities  can  be  reduced  30X  through  the 
use  of  biorhythm  timing. 
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Fruh,  H.  R.  SI  eg  der  Le^nsrhythmen  (Victory  of  the  Life  Rhythms).  Frelourg: 
Hermann  Bauer  Verlag,  i9Vl. 
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Fuller,  C.  A.,  F.  N.  Suizman,  H.  C.  Moore-Ede.  The  effect  of  suprachlasmatic 
nucleus  lesions  on  circadian  rhythms  In  the  souirrel  monkey  (Salmi r1 
sclureus).  Soc.  Neuroscience  Abstr.  3;  162,  1977. 

Bilateral  electrolytic  (4  mA,  15  sec)  hypothalamic  lesions  were 
located  In  the  SCN  using  stereotaxic  coordinates  confirmed  by  x-ray 
visualization  of  the  third  ventricle  using  a radio-opaque  dye  (Conray) 
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Infused  Into  the  ventricles*  The  mean  level  of  the  behavioral 
variables  did  not  change  after  the  lesion*  In  LD  there  was  a less 
precise  phase  control  of  the  rhythns*  However,  most  activity  was 
still  confined  to  the  llehts-on  portion  of  the  cycle,  with  greater 
phase  control  than  seen  in  slnllarly  lesloned  rodents*  After  8-hr* 
phase-deleys  of  the  LD  cycle  the  animals  took  approximately  3 times 
longer  to  resynchronize  with  the  new  LD  phase  than  they  did  before  the 
lesions*  In  LD  and  LL  there  was  a sine  wave  fitting*  Visual 
Inspection  of  the  record  also  showed  a marked  alteration  In  the 
circadian  organization  of  these  variables*  This  preliminary 
evidence  Indicates  that  the  SCN  plays  a key  role  In  the 
multlosclllator  circadian  timing  system  of  the  squirrel  monkey* 


614. 

Fuller,  C*  A.,  F.  N*  Suizman,  and  N*  C*  Hoore-Ede*  Thermoregulatory 
homeostasis  falls  In  constant  environments  when  circadian  oscillators 
desynchronize  (abstract).  Fed*  Proc.  36:  423,  1977* 

615. 

Fuller,  C.  A.,  F.  N*  Su1zman,and  N.C.  Moore-Ede.  Thermoregulation  Is  liMMired 
In  an  environment  without  circadian  time  cues*  Science  199:  794-795,  1978* 

Squirrel  monkeys  synchronized  to  a 24-hour  light-dark  cycle  show 
a prominent  circadian  rhythm  In  body  temperature  which  Is  regulated 
against  mild  environmental  cold  exposures  throughout  the  24-hour  day* 
However,  cold  exposures  produce  significant  decreases  In  core  body 
temperature  when  the  circadian  rhythms  of  the  animal  are  free-running 
In  the  absence  of  environmental  time  cues*  Effective  thermo- 
regulation appears  to  require  the  precise  Internal  synchronization  of 
the  circadian  timekeeping  system* 


616. 

Fuller,  C.  A.|F.  N*  Suizman,  and  M.  C.  Noore-Ede.  Circadian  control  of 
thermoregulation  In  the  squirrel  monkey.  Salmirl  sclureus.  Am*  J*  Physiol. 
236:  R153-R161,  1979*  

The  characteristics  and  control  of  the  circadian  rhythms  of  core 
body  temperature  (colonic)  and  skin  temperature  (tall)  were  studied  In 
chair-acclimatized  squirrel  monkeys  (Salmirl  sclureus).  When  animals 
were  entrained  to  a light-dark  cycle  (iz  h 6bo  lx;  T2  h<l  lx)these 
two  temperatures  displayed  prominent,  reproducible,  tightly  coupled 
circadian  rhythms*  In  constant  light  of  600  lx,  where  no  other 
effective  circadian  time  cues  were  present,  both  temperature  rhythms 
persisted  with  free-running  periods*  Within  each  animal,  however, 
these  rhythms  were  not  as  tightly  coupled  to  one  another  as  In  LD*  On 
occasion  colonic  and  tall  temperature  rhythms  free-ran  with 
different  circadian  periods  and  some  animals  demonstrated 
"splitting*  of  the  colonic  temperature  rhyttm,  with  the  colonic 
temperature  rhythm  displaying  a bimodal  pattern*  These  results 
suggest  that  the  circadian  rf^thm  of  body  temperature  In  primates  Is 
under  the  control  of  more  than  one  potentially  Independent  circadian 
oscillator. 
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617. 

Fuller,  C.  A.,  F.  M.  Sulznan,  and  N.  C.  Noore-Ede.  Effective  thermoregulation 
In  primates  depends  uoon  Internal  circadian  svnchronlaatlon.  Comp.  Blochem. 
Physiol.  S3A;  207-212,  1979. 


Squirrel  monkeys  display  a prominent  circadian  rhythm  In  bo<ty 
temperature  (Tcq).  When  entrained  to  24-hr  light-dark  (LD)  cycles, 

Tro  Is  Is  defended  against  mild  6-hr  cold  exposures  at  all  circadian 
phases.  In  constant  light  (LL),  however,  the  animals  ability  to  defend 
Tco  Against  similar  cold  exposures  Is  Impaired.  We  have  examined 
the  potential  roles  of  Internal  circadian  synchronization  and 
other  factors  such  as  LL  or  chair  -restraint  In  determining  the 
animals'  ability  to  thermoregulate  In  the  cold.  3.  Constant  light 
and  or  chair-  restraint  were  ruled  out  as  being  major  contributions  to 
this  thermoregulatory  response  In  experiments  where  an  alternate 
circadian  synchronizer  (24-h  cycles  of  food  availability)  was  supplied 
to  animals  In  LL.  These  animals  were  able  to  maintain 

same  levels  as  comparable  controls  when  thay  were  cold  exposed  at 
three  different  circadian  phases.  4.  The  role  of  Internal  circadian 
synchronization  was  examined  using  an  adrenal ectomi zed  squirrel  monkey 
preparation.  These  animals,  when  supplied  with  replacement  cortisol 
at  24-hr  Intervals,  have  the  same  circadian  thermoregulatory 
characteristics  as  Intact  control  animals,  and  when  synchronized  fay  LD 
cycles  can  maintain  Tcp  during  cold  exposure.  5.  In  LL,  the 
adrenalectomized  animals,  with  24-hr  cortisol  replacement,  become 
Internally  desynchronized  since  a portion  of  the  circadian  systmn  Is 
entrained  by  cortisol  and  the  rest  free-runs.  In  this  state,  the  cold 
exposures  produce  significant  decreases  In  Tcp*  6*  The  data 
Indicate  that  for  effective  thermoregulation  to  occur,  proper  temporal 
synchronization  of  the  circadian  timekeeping  system  of  the  squirrel 
monkey  Is  essential. 


618. 

Fuller,  C.  A.,  F.  M.  Sulzman,  and  M.  C.  Moor-e-Ede.  Sound  cycles  exert 
circadian  phase  control  after  partial  suprachlasmatic  nucleus  lesions  In  the 
squirrel  monkey.  The  Physiologist  22;  41,  1979. 

The  circadian  system  of  Intact  squirrel  monkeys  (Salmi r1  sclui^s) 
can  be  entrained  to  a 24  hr  period  by  light-dark  and  food  availability 
cycles,  but  not  fay  cycles  of  sound  Intensity*  social  cues, 
environmental  temperature  or  drinking.  In  Isolation  chambers  with 
constant  light  and  food  ad  Hb..  the  monkeys'  circadian  rhythms 
free-run  with  periods  orTpproxImately  25  hrs.  However,  after 
lesloning  the  suprachlasmatic  nuclei  (SCN)  of  3 animals,  we  observed 
phase  control  of  the  circadian  rhythm  of  drinking  to  a 24  hr  period 
even  in  constant  light  and  food  ad  11b.  Another  animal  after  SCN 
lesions  showed  relative  coordination  with  a modulation  of  the 
circadian  period  at  the  same  phase  of  the  cycle  at  which  entrainment 
occurred  In  the  other  animals.  The  temporal  cue  perceived  by  the 
SCN-lesloned  monkeys  was  a 24  hr.  cycle  of  sound  Intensity  since  when 
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all  sound  cues«entor1ng  the  chanber  Mare  obscured  fay  countinous  Mhite 
noise,  the  circadian  rhythn  of  drinking  free*ran.  Preliminary 
histology  demonstrates  that  this  occurs  after  subtotal  destruction  of 
the  SCN.  Thus  when  the  Integrity  of  the  SCN  Is  damaged,  the  circadian 
timing  astern  of  the  squirrel  monkey  becomes  sensitive  to  sound 
cycles. 


619. 

Fuller,  C.  A.,  F.  M.  Sulaian,  and  M.  C.  Moore-Ede.  Variations  In  heat 
production  cannot  account  for  the  circadian  rhythm  of  boc(y  temperature  In  the 
squirrel  monkey.  Fed.  Proc.  38:  10S3,  1979. 

620. 

Fuller,  C.  A.,  F.  H.  Suizman,  and  M.  C.  Moore-Ede.  Circadian  bo(|y  temperature 
rhythms  of  primates  In  warm  and  cool  environments  (abstract).  Fed.  Proc. 

39;  989,  1980.  

621. 

Fuller,  R.  W.,  and  N.  D.  Sno<k|y.  Feeding  schedule  alteration  of  dally  rhythm 
In  tyrosine  aloha-ketoglutarate  transaminase  of  rat  liver.  Science  159:  738, 

1968.  

Liver  tyrosine  alpha-ketoglutarate  transaminase  has  a dally  rhythm 
such  that  In  rats  fed  on  an  unrestricted  basis  the  activity  Is  highest 
at  approximately  11:00  p.m.  In  contrast,  rats  fed  only  from  8:00  a.m. 
to  noon  show  a markedly  different  rhythm  In  the  enzyme,  with  maximum 
activity  at  11:00  a.m.  Controlling  the  time  of  food  Intake  seems  to 
be  a useful  means  of  studying  the  mechanism  of  the  dally  changes  In 
this  enzyme. 


622. 

Furon,  0.,  P.  Frimat,  J.  F.  Calllard,  H.  Labriffe,  A.  Thill lez,  and  F. 
Broussler.  Aspects  medicaux,  soclaux  et  professlonnels  du  travail  en  equipe 
Chez  les  femmes.  (Hedical,  social  and  professional  aspects  of  shift  working 
In  women.)  Arch.  Mai.  Prof.  Med.  40:  3^-375,  1979. 

This  article  describes  an  Inquiry  Into  the  working  condition  of 
women  employed  In  shift  work.  In  the  course  of  which  the  authors 
Interviewed  (by  questionnaire  survey)  254  women  employees  In  the 
textile  Industry  In  Northern  France  (2x8  work  schedule).  Results: 
nearly  75X  of  the  Interviewees  preferred  shift  work:  42X  complained 
about  noise,  26X  about  air  conditioning  and  long  periods  of  standing; 

16%  about  the  repetitive  nature  of  the  work;  60X  of  the  women  showed 
signs  of  nervousness,  25X  complained  of  Insomnia,  59X  of  those  under 
40  years  of  age  had  an  average  absenteeism  record  of  1.5  days  per 
year.  Recommendations:  reorganization  of  work*rest  schedules:  noise 
control.  Improvement  of  working  environment  (heat  and  humidity), 
better  distribution  of  rest  breaks,  InforsMtlon  and  education  of 
employees  as  part  of  In-plant  training  schemes. 


623. 

Furon.  0.  G«,  P.  Frliat,  and  A.  Cantlneau.  Las  Problaaas  Medicaux  Posts  par 
It  Travail  Postt— Comsmlcatlon  sur  Its  Rtsultats  d'unt  Enquttt  Rtlativt  au 
Travail  Postt  (Ntdical  Probltiss  of  Shift  Work.)  Calsst  Rtglonalt  d'Assuranct 
Naladit  dut  Nord  dt  la  Franca*  Lilia,  Franca,  May  1977,  23  pp. 

Thtst  tM>  coMunlcatlons  wart  subnittad  to  tha  Raglonal  Joint 
Tachnical  Comlttaa  for  the  Natal  Trades  (Lilia,  Franca).  The  first, 
devoted  to  nodical  aspects,  covers:  health  affects  of  shift  work; 
work  design  and  nodical  supervision  (careful  supervision  for  the  Hrst 
year,  long-tem  supervision,  etc.)  The  second  deals  with  the  effects 
of  shift  work  on  occupational  accidents,  and  reports  three  studies 
(personnel  of  an  electrical  engineering  deparlaent,  and  Iro**  and  steel 
plant,  and  a netallurgical  plant);  accidents  anong  shift  workers  were 
less  frequent  during  the  night  shift  than  the  day,  but  cosmoner  at  the 
beginning  than  at  the  end  of  the  shift;  It  does  not  appear  that  shift 
work  can  be  definitely  Incriminated  as  a cause  of  accidents  for  this 
would  give  too  much  weloht  to  the  human  factor.  The  profitability  of 
shiftwork  Is  questionable. 


624. 

Fuxe,  K.,  T.  Hokfelt,  G.  Jonsson,  S.  Levine,  P.  Lidbrink,  and  A.  Lofstrom. 
Brain  and  pituitary-adrenal  Interactions  studied  on  central  monoamine  neurons. 
In:  Braln-PItultary-Adrenal  Interrelationships,  edited  by  A.  Brodlsh  and  E. 

S.  Redgate.  Basel:  s.  Ka^er,  i^/j,  pp.  ^39-269. 
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625. 

Gadbols,  C.  WoMtn  on  nIAt  shift:  Intordopondance  of  sloop  and  off  tho  Job 

activltlos  (abstract).  In:  Int.  Syav.  on  Night-  and  Sh1ft-«fork.  Sth.  Rouon. 

Fr.,  1980,  p.  l¥-3.  

626. 

Gala,  N.  Blorhythu  Cowpatlblllty.  Now  York : Narnor  Books,  1978. 

Following  a short  review  of  blorhythn  theory,  the  author 
postulates  tho  oxistonco  of  a 4th  blorhytlm  tho  38  day 
"1ntu1t1on*cyclo.  This  cycle  Is  presuMod  to  result  from  endocrine 
systaa  Interactions  and  Is  based  on  unspecified  MthoMtlcal  and 
Intuitive  reasons.  Extensive  and  elaborate  blorhythM  charts  and 
Interpretations  are  presented.  The  author  modified  biorhythm  theory 
by  using  straight  line  Instead  of  sinusoidal  plots  and  extends  the 
theory  with  the  "Gale  Biorhythm  Plot"  (blorhytln  phase  and  time 
plots),  enorgy  level  scale  (a  measure  of  amplitude),  mode  cycles  (sum 
of  4 biorhythm  cycles  at  critical  days,  and  "tone  analysis"  (a  measure 
of  biorhythmic  coapatiblllty  between  two  people  at  different  biorhythm 
phases).  The  author  advocates  recording  and  plotting  ones  own  mood 
cycles,  noting  that  If  the  mood  cycle  represents  a combination  of 
blorhytlw  cycle  Interactions,  the  resultant  additive  cycle  may  not 
appear  cyclic.  The  author  does  not  Indicate  how  to  resolve  this 
problem  (e.g.,  time  series  analysis).  The  existence  of  a postulated 
38  Jay  Intuition  biorhythm  might  have  been  more  convincing  had  It  bee 
based  on  more  evidence  than  the  authors  "unspecified  mathematical  and 
Intuitive  reasons". 


627. 

Gambashidze,  G.  M.  The  effect  produced  by  the  nature  of  occupational  activity 
on  the  "sense  of  time"  factors.  Gig.  Trud.  Prof.  Zabol.  4:  1-5,  1976. 

628. 

Gamberale,  F.,  L.  Strindberg,  and  I.  Uahlberg.  Female  work  capacity  during 
the  menstrual  cycle  physiological  and  psychological  reactions.  Scand.  J.  Work 
Environ.  Health  1:  120-127,  1975.  

629. 

Gardner,  A.  w.  end  8.  0.  Dagnall.  The  effect  of  twelve-hour  shift  working  on 
absence  attrlbw^ed  to  sickness.  Br.  Ind.  Med.  34:  148-150,  1977. 

630. 

Gardner,  N.  Freud's  friend  Wilhelm  Flless  and  his  theory  of  male  and  female 
life  cycles.  M.  215:  108-109,  111-112,  July  1966;  215:  99.  Aug.  1966. 

This  article  Is  a critical  evaluation  of  the  biorhythm  theory  of 
Wilhelm  Flless.  Gardner  appears  to  be  the  only  person  other  than 
George  Thommen  (Is  This  Your  Day?,  Crown,  New  York,  1973)  citing 
Flless'  work  who  actually  read  Flless'  original  publications.  The 
author  states  that  Flless  was  obsessed  by  the  numbers  23  and  28  and 
believed  all  living  phenomena  manifested  a male  cycle  of  23  dgys  and  a 
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fanale  cycle  of  28  deys.  Film  published  e book  In  1897  entitled  * 
The  Relations  betMeen  the  Nose  and  the  FeMie  Sex  0r9ans  fro*  the 
Biological  Aspect”  In  which  he  clalM  the  male  and  fdaiale  cycles  are 
ultimately  connKted  with  the  mucous  lining  of  the  nose.  FI  less 
thought  he  had  fbund  a relation  between  nasal  Irritation,  neurotic 
symptoms  and  sexual  Irregularities.  He  diagnosed  these  Ills  by 
Inspecting  the  nose  and  treated  them  ^ applying  cocaine  to  "genital 
cells"  on  the  Interior  of  the  nose.  The  aat^r  then  criticises 
FI  less"  major  biorhythm  book  "Der  Ablauf  des  Lebers  (The  Course  of 
Life)”  (for  details,  see  FI less  1906  bibl.)  In  which  he  finds  that 
Flless*  claim  that  all  natural  processes  reflect  the  Interaction  of 
sjitiples  of  23  and  28  day  c:rTes  Is  numerological  nonsense,  since, 
using  Flless*  formula,  the  occurrence  of  a biological  event  on  a given 
day  can  be  expressed  as  Xht  combination  of  Integral  multiples  of  the 
numbers  23  and  28.  A German  physician,  J.  Aeiby,  published  a book 
after  the  death  of  Flless  containing  a complete  refutation  of  the 
biorhythm  theory,  by  then,  however,  the  blorhythr.  cult  was  firmly 
established  In  Germary. 


631. 

Gardner,  H.,  and  P.  Taylor.  Health  at  Work.  London:  Associated  Business 
Programmers  Ltd. , 1975,  170  pp. 

The  subject  of  this  book,  health  and  safety  at  work.  Is  outlined 
In  detail.  It  offers  the  lay  reader  a comprehensive  and  unprejudiced 
viewpoint  of  the  philosophy  and  functions  of  modern  occupational 
health  practice.  It  stresses  the  Importance  of  collaboration  by 
specialists  In  scientific  disciplines,  of  managerial  attitudes,  and  of 
enlightened  workers  In  the  prevention  of  accidents  and  Industrial 
diseases,  In  the  provision  of  good  working  conditions  and  the 
promotion  of  mental  and  physical  health.  Some  of  the  chapters  (for 
Instance,  absence:  sickness  or  malingering?  Shift  work  and  health; 
Safety  et  work  - preventing  Injuries  and  damage;  Mental  health  (.id 
motivation  at  work)  are  written  by  people  who  have  established  an 
International  reputation  for  their  expert  knowledge  of  these  problems. 
A list  of  books  for  further  reading  appears  at  the  end  of  each 
chapter,  from  which  authoritative  references  and  scientific  evidence 
can  be  obtained. 


632. 

Garfield,  E.  What  do  we  know  about  Jet  lag?  Current  Contents  23(12):  5-11,  1960. 

633. 

Garg,  S.  K.,  G.  S.  China,  and  8.  Singh.  FKtors  Influencing  plasma  cortisol 
(Il-hydroxycort1co1ds)  levels  In  Rhesus  monkeys.  Indian  J«  Exp.  Biol.  16: 
1186-1185,  1978. 

Plasma  cortisol  levels  have  been  studied  In  Individually  caged 
male  Rhesus  monkeys  to  determine  dey  to  day,  seasonal,  diurnal  and 
Intra-animal  variations  as  well  as  chganges  following  brain  surgery 
and  Induction  of  experimental  diabetes.  Both  day  to  day  as  well  as 
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Intra-anlMl  variations  depict  a marked  range  of  changes  during 
winter  as  compared  to  those  In  sumier.  The  values  are  significantly 
higher  In  winter  In  contrast  to  those  In  summer.  Plasma  cortisol 
levels  are  significantly  higher  In  the  morning  In  comparison  to  those 
In  the  evening.  Implantation  of  electrodes  In  the  brain  causes 
Insignificant  differences  In  basal  ccrcVi  levels.  Basal  cortisol 
levels  are  significantly  higher  In  diabetic  animals  as  compared  to 
non-diabetics.  These  observations  point  out  a direct  correlation 
amongst  bo<|y  rhythm,  environmental  stress  and  adrenocortical 
functions. 


634. 

Garnett.  R.  E.  A Study  of  the  Impact  of  Three  Cycles  of  Biorhythms  and 

Suggestibility  on  Behavior  an3  Se i r-Reporteo  Feei Ings  ^rn.o.  thesis). 
PnTversiVofWTTTin^:  "TITl  ss  .Hlbstr . 19:  '3551^71979. ) 

Biorhythm  charts  were  prepared  for  28  subjects  and  time  periods 
were  Identified  when  all  three  biorhythms  were  either  positive  or 
nr,  tive.  During  these  periods  su()jects  were  rated  behav, orally  and 
g-r.**:  a self-report  measure  of  feedings  (Profile  of  Mood  States).  All 
subjects  were  given  an  orientation  to  biorhythms.  Half  the  subjects 
were  told  they  were  In  a negative  biorhythmic  phase  (accurate 
InfoHMtlon,  but  the  other  half  were  told  thgy  were  In  a positive 
biorhythmic  state  (Inaccurate  Inforamtion).  Data  were  subjected  to 
analysis  of  variance.  A significant  difference  was  found  on  4/6  POMS 
variables  between  positive  and  negative  phase  groups,  but  no 
significant  difference  was  found  for  the  behavioral  ratings.  No 
significant  differences  were  found  between  the  two  experimental  groups 
(accurate.  Inaccurate  feedback)  for  apy  parmaeters.  The  author 
concludes  that  certain  mood  parameters  correlate  to  biorhythm 
cycles  and  that  suggestion  had  no  significant  Influence  on  the 
measurements.  The  results  of  this  study,  however,  do  not  warrant  a 
conclusion  that  mood  Is  correlated  with  biorhythm  cycles  since  no 
differences  were  found  betwen  behavior  ratings  or  Kcurate/lnaccurate 
groups  and  particularly  due  to  the  biased  sampling  procedure  In  which 
the  population  Included  only  ^se  periods  In  which  subjects  were  high 
or  low  In  all  three  blorhytimis  simultaneously. 


635. 

Gartner,  W.  B.,  and  M.  R.  Murphy.  Concepts  of  Fatigue.  In:  Survey  of 
Methods  to  Assess  Workload,  edited  by  B.  0.  Hartman  and  R.  E.  McKenzie. 
ileulily-Sur-Se)ne:  iiAtb,  Advisory  Group  for  Aerospace  Research  and 
Development,  AGARD-A6-246,  1979,  pp.  3-5. 

636. 

Garzino.  S.  J.  Biorhythms  and  social  work.  Health  A Social  Work  1:  11-37. 
1976.  


Introduces  the  concepts  and  principles  of  biorhythms  and  suggests 
applications  of  such  knowledge  In  the  hiaaan  services  of  casework, 
counseling,  psychotherapy,  and  psychiatry.  A history  of  biorhythmic 
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theory  Is  Included  along  with  explanations  of  blorhythnlc  c;yc1es  and 
biological  clocks.  The  relationship  between  biorhythms  and 
personality  Is  discussed  In  addition  to  the  effects  of  physiological 
rhythms.  Periodic  characteristics  that  may  be  observed  In  such 
everyday  discomforts,  psychopathologies,  and  major  mental  Illnesses  as 
premenstrual  syndrome,  suicide,  sleep  disturbances,  ulcers,  phobias, 
alcoholism,  schizophrenia,  catatonia,  and  manic-depressive  psychosis 
are  discussed.  Numerous  applications  of  a biorhythmic  component  In 
human  behavior  and  Illnesses  are  possible:  service  delivery#  case 
histories,  testing,  biorhythm  charts,  planned  Intervention  and 
Individual  counsel lir 


637. 

Gasperoni,  6.  Recent  medical  advances  and  human  aspirations  Inherent  to  space 
nights.  Elementary  concepts  of  chronoblology.  Minerva  Ned.  64:  3563-356/, 
1973.  

638. 

Gautherle,  N.  Circadian  rhythm  In  vasomotor  oscillations  of  skin  temperature 
In  roan.  Int.  Chronoblol.  1:  103-139,  1973. 

639. 

Gautier,  C.  Pathologle  Aquise  au  Cours  du  Travail  Poste.  (Health  Impairment 
due  to  Shift  Work).  (H.  o.  thesTsTI  UnTverstte  <1e  Bordeaux  II,  Unites 
d*Ense1gnement  et  de  Recherche  des  Sciences  Medicales,  Bordeaux,  France,  1977, 
79  pp. 


An  Introduction  on  the  characteristics  of  shift  work,  the  present 
situation  and  French  regulations  on  this  subject,  and  the  consequences 
of  shift  work  on  physiological  equilibrium,  health,  and  family  and 
working  life.  Is  followed  by  the  results  of  a study  of  1,000  motor 
Industry  workers  performing  shift  work  for  at  least  three  years: 
comparison  of  medical  records  with  various  shift  works  systems  and  a 
control  group;  comparison  of  shift  workers  In  nine  sectors  of 
activity.  Digestive  disorders  were  the  only  significant  parameter  In 
the  shift  workers  (8-hour  3 shift,  serol-continuous).  Significant 
changes  according  to  sector  of  activity  were  however  observed  for 
disorders  of  the  skin  and  locomotor  apparatus,  overweight,  and 
pseudo-neuro  psychopathic  disorders.  Hays  of  Imoroving  the  situation 
of  shiftworkers  are  briefly  mentioned  (design  of  working  conditions 
and  work  schedule.  Improved  sleeping  and  eating  habits,  medical 
supervision). 


640. 

Gavrikov,  Y.  I.  Dynamics  of  human  cardiac  sinus  rhythm  In  experiments  with 
Inversion  of  the  work  and  rest  schedule.  Aktualnyye  Voprosy  Kosmicheskoy 
Blologll  1 Meditsiny.  Moscow,  1971,  pp  9/-»b.  (tngnsn  'translation  In 
Current  Prob) mas  in  space  Biol,  and  Med.  Arlington,  VA:  Joint  Publications 
Research  Service,  1972,  pp  40-41.) 


The  collected  data  Indicate  that  a stu<1y  of  cardiac  sinus  rhythm 
can  be  used  as  a criterion  for  evaluating  the  rate  and  nature  of  human 
adaptation  to  Inversion  of  the  work  and  rest  schedule.  It  Is  evident 
that  Individuals  retaining  more  slowly  with  a predominance  of 
vagotonic  reactions  during  this  period.  Individuals  with 
predominantly  sympathicotonic  reactions,  that  Is,  more  labile 
Individuals,  restructure  more  rapidly  and,  subjectively,  the 
restructuring  for  them  transpires  more  easily.  The  research  data  make 
It  possible  to  recommend  Individuals  with  the  first  typ«  of  reaction 
to  prolonged  sleeplessness  for  work  requiring  the  assimilation  of 
different  new  work  and  rest  schedules. 


641. 

Gazenko,  0.  6.  "Predvarltel'qyye  rezul'taty  Isseldovanly  na  blosputnike 
'Kosmos-782*  (Fizlologischeskly  eksperlment  s krysaml),"  Moscow:  Ministry  of 
Health  USSR,  Institute  of  Biomedical  Problems  and  Acadeiqy  of  Sciences  USSR, 
1976,  156  pp.  (Engl,  transl.  MRSA  TT  F-17288,  144  pp.). 

The  program  of  physiological,  morphological  and  biochemical 
studies  on  the  Kosmos-782  was  almost  completely  successful.  This 
report  Is  preliminary  analysis  of  the  results  of  the  tests  made  on  SPF 
rats  In  space  flight  and  In  the  two  control  groups  (simultaneous  and 
low-fidelity  controls).  One  of  the  primary  goals  of  the  experiment 
was  to  Isolate  the  effect  of  weightlessness  on  different  organs  and 
tissues  and  on  the  organism  as  a whole.  The  Kosmos-782  used  systems 
similar  to  those  of  the  Kosmo-605  and  690  with  Improvements.  The 
flight  lasted  for  20  days;  laboratory  tests  started  immediately  upon 
recovery  (within  a few  hours)  and  continued  for  25  more  days. 


642. 

Gerathewohl,  S.  J.  Simple  calculator  for  determining  the  physiological  rest 
period  after  Jet  flights  Involving  time  zone  shifts.  Aerosp.  Med.  45: 
449-450,  1974.  

A device  Is  described  for  calculating  the  rest  periods  necessary 
fcr  the  physical  and  mental  well-being  of  an  air  traveler  after 
long-distance  flights.  The  device  Is  basically  a pocket-sized 
calculator  consisting  of  two  concentric  discs  and  a pointer.  The 
larger  disc  Is  subdivided  In  an  outer  and  an  Inner  ring.  The  outer 
ring  Is  marked  In  10^  and  5°  Intervals,  which  Indicate  the  travel  time 
In  hours  and  half-hours  respectively.  The  center  ring  Is  marked  In 
10^  Intervals,  which  Indicate  the  duration  of  the  rest  period  In 
hours.  The  smaller  disc,  which  Is  transparent  In  Its  center  to  allow 
for  reading  the  rest-period  times,  bears  the  scales  of  the  additional 
five  factors  which  determine  the  duration  of  the  rest  period.  The 
overlaying  transparent  pointer,  which  can  be  rotated  about  the  center 
of  the  device,  provides  for  the  reference  setting  of  each  factor,  for 
their  addition,  and  for  the  reading  of  the  final  result. 
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I 643. 

GeratheMOhl*  S.  J.  Definition  and  measurement  of  perceptual  and  mental 
Morkload  In  aircrews  and  operators  of  air  force  weapon  systems:  a status 
report.  In;  Higher  Mental  Functioning  In  Operational  Environments,  edited  by 
B.  0.  Hartman.  Heu11iy-^ur-seine:  RinTJ»TdvUory  croup  for  Aerospace  Research 
and  Development  AGARD-CP«181«  1976»  pp  Cl-l-Cl-7. 

^ The  definition  and  measurement  of  perceptual  and  mental  workload 

In  pilots  and  aircrews  becomes  increasingly  Important,  because  of  the 
Introduction  of  new  and  sophisticated  equipment  and  procedures  Into 
aerial  warfare.  It  Is  recognized  that  every  mission  places  certain 
perceptual  and  mental  demands  on  the  pilot  and  the  crew,  which  depend 
on  a variety  of  variables  and  conditions.  Moreover,  every  mission 
Involves  certain  tasks,  which  are  either  flight  oriented  or  combat 
oriented.  This  classification  lends  Itself  to  a definition  of 
activities  as  primary  or  secondary  tasks,  which  as  been  successfully 
used  in  experiments  for  quantitative  determinations  of  workload. 

The  determination  of  pilot  and  aircrew  workload  using 
psychological,  physiological,  and  operational  criteria  has  yielded 
valuable  results.  Methods  used  In  civil  aviation  can  be  applied  with 
appropriate  modifications  to  military  problems.  However,  workload 
measurements  associated  with  high  complex  and  demanding  conditions  are 
still  difficult.  Data  are  not  available  from  actual  combat  missions. 

The  results  obtained  by  simulation  are  promising  and  may  be  Improved 
by  the  standardization  of  methods  and  the  application  of  statistical 
approaches  and  mathematical  models. 

644. 

Gerathewohl,  S.  J.,  U.  D.  Chiles,  and  R.  T.  Thackray*  Assessment  of 
perceptual  and  mental  performance  In  civil  aviation  personnel.  In:  Higher 
Itental  Functioning  In  Operational  Envlromynts,  edited  by  B.  0.  Hartman. 
Neulily-Sur-se1ne:  NATO,  Advisory  Group  for  Aerospace  Research  and 
Development,  AGARO-CP-181,  1976,  pp.  C7-1-C7-4. 

Series  of  experiments  were  conducted  at  the  Civil  Aeromedical 
Institute  of  the  FAA  In  Oklahoma  City,  Oklahoma,  In  order  to  study 
functions  In  relevance  to  aircrew,  pilot,  and  ATC  performance.  They 
concerned  the  assessment  of  mental  functions  and  complex  performance 
on  single  operators  and  five-man  crews  while  monitoring  static  and 
dynamic  processes,  of  perceptual -motor  tracking  ability,  as  well  as 
group  problem  solving.  Operator  proficiency  was  measured  at  various 
levels  of  demand  Induced  by  the  simultanteous  performance  cf  different 
combinations  of  tasks,  requiring  the  exercise  of  psychological  and 
mental  processes.  It  was  found  that  multiple  task  performance  varied 
significantly  as  a function  of  Information  Input  and  group 
Interaction.  Substantial  correlations  were  obtained  between 
perceptual -motor  type  problem  solving  and  mental  ability  tests. 

Moreover,  the  results  obtained  from  two  tracking  tasks  suggest  that  a 
central  process  exerts  a regulatory  Influence  on  a variety  of 
physiological  variables  during  Increased  attention  demand  and, 
furthermore,  a correlation  exists  between  the  ability  to  sustain 
attention  and  personality  characteristics  of  the  operator. 
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645. 

Gerd.  N.  A.  Nan's  capacity  for  «iork  under  a special  regime  In  an  Isolation 
chamber.  Vopr.  Pslkhol.  3:  123-128,  1975. 

Studied  the  effect  of  changed  day-night  rhythm  on  work  performance 
and  nonwork  activities  of  three  Ss  Isolated  In  a 2x3x4m  chamber  Inside 
a submarine.  Ss  were  on  a schedule  of  6 hr  of  sleep,  6 hr  of  work, 
and  6 hr  of  other  activities  and  rest.  The  13-hr  cycles  continued  to 
be  the  same  for  each  S throughout  the  experimental  period  of  20 
cycles,  except  that  th^  were  staggered  so  that  one  of  the  Ss  was 
always  asleep.  Ss  were  tested  throughout  the  experiment  on  work 
activity,  reaction  time,  word  associations,  and  mental  arithmetic 
problems.  Adjustment  to  the  new  sleep-waking  schedule  occurred  after 
11  to  1?  cycles  when  deep  and  quiet  sleep  was  re-established  and 
sleepiness  during  the  waking  periods  disappeared.  Work  performance, 
however,  never  reached  pre-experlmental  level.  It  Is  suggested  that 
emotional  factors  prevented  Ss  from  working  at  their  best. 


646. 

Gerke,  R.  J.,  C.  E.  Billings,  and  R.  L.  Wick.  Diazepam  effects  on  pilot  per- 
formance In  flight.  Aerospace  Med.  Assoc..  Preprints,  1975,  p.  99. 

647. 

Gerner,  R.  H.,  R.  N.  Post,  J.  C.  Gill  In,  and  W.  E.  Bunney,  Jr.  Biological  and 
behavioral  effects  of  one  night's  sleep  deprivation  In  depressed  patients  and 
normals.  J.  Psychlat.  Res.  15;  21-40,  1979. 

Twenty-five  patients  with  major  depressive  Illness  and  20  normal 
volunteers  were  sleep  deprived  for  one  night  In  order  to  assess  mood, 
physiology,  and  biochemistry.  Fifteen  patients  showed  mild  to 
moderate  improvement  In  depression,  normally  lasting  one  day,  while 
volunteers  tended  to  experience  slight  Increases  In  dysphoria 
following  sleep  deprivation  (SO).  Prior  to  SD  depressed  patient 
responders  tended  to  have  decreases  In  CSF  calcium  and  NHPG  and 
Increases  In  serum  cortisol  compared  to  nonresponders.  Nonresponders 
also  showed  a flattened  diurnal  temperature  rhythm  following  SO. 
Alterations  In  central  neurotransmitters,  circadian  rhythms,  and 
stress  activation  are  discussed  as  possible  mediators  of  the  selective 
mood  Improvement  In  depressed  patients  compared  to  normal  volunteer 
controls. 

648 

Gerritzen,  F.  Methods  for  the  study  of  the  behaviour  of  human  circadian 
rhythms  In  kidney  function  before,  during  and  after  global  flights.  In: 

Recent  Advances  In  Aerospace  Medicine,  edited  by  D.  E.  Busby, 

&ordrecht-Hon ah?T  D.  Reldel,  pp.  356-358. 
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649. 

Gerritzen,  F.,  and  T.  Strangers.  Adaptation  of  circadian  rhythms  In  urinary 
excretions  to  local  time,  after  tapid  air  travel.  In:  Chronoblology,  edited 
by  L.  E.  Scheving,  G.  Halberg  and  J.  Pauly.  Tokyo:  Igaku  Shorn,  ltd.,  1974, 

pp.  555-559. 

650. 

Gervals,  H.,  and  F.  Halberg.  La  chronoblologle  applique  a Thyglene  de  V 
environnement.  (Chronoblology  applied  to  hygiene  of  the  environment.)  Arch. 
Mai.  Prof.  Med.  32  : 395-396,  1971 . 

Summaries  of  four  papers  on  variations  In  circadian  rhythms 
experienced  by  subjects  experiencing  time  zone  changes.  Three  papers 
on  the  characteristics  of  workers  working  during  various  work  shifts 
are  summarized. 


651. 

Ghata,  N.  J.,  and  A.  Reinberg.  Changes  In  the  circadian  acrophase  and 
amplitude  of  urinary  17-OHCS  and  VMA  resulting  from  transmeridian  flight 
between  Paris  and  Colombo  (-5h)  In  December  and  April  (abstract).  In:  Int. 
Symp.  on  Wight-  and  Shift-work,  5th,  Rouen,  FR.,  1980,  p.  VI-3. 

652. 

Ghata,  N.  J.,  and  A.  Reinberg.  Circadian  rhythms  In  oral  teiqperature,  urinary 
17-OHCS  and  VMA:  speed  and  mode  of  adjustment  after  transmeridian  flights; 
special  reference  to  aging  and  rhythm  amplitude  (abstract).  In:  Int.  Symp.  on 
Night-  and  Shift-work,  5th,  Rouen,  FR.,  1980,  p.  VI-2. 

653. 

Ghata,  J.,  A.  Reinberg,  M.  Lagoguey,  and  Y.  Toultou.  Human  circadian  rhythms 
documented  In  May-June  from  three  groups  of  young  healthy  males  living 
respectively  In  Paris,  Colombo,  and  Sydney.  Chronoblologla  3:  181-190,  1977. 

654. 

Ghata,  J.,  A.  ReInburg,  N.  Virux,  C.  Abulker,  and  A.  Nicolai.  Adjustment  of 
circadian  rhythms  of  urinary  17-OHCS,  5-HIAA,  catecholamines,  and  electrolytes 
In  oil  refinery  ooerators  to  a raoldly  rotating  shift  system.  Ergonomics  21; 
863,  1978. 

Measurements  taken  from  five  selected  workers  on  a 
rapidly-rotating  shiftworking  schedule  showed  that  they  were  able  to 
rapidly  adjust  the  phasing  of  their  circadian  rhythms  In  certain 
urinary  excretions  to  the  changes  In  the  timing  of  their  work-rest 
schedule  on  the  24  h scale.  The  timing  of  physical  and  mental  work 
per  se  (with  reference  to  mid-work)  was  found  to  be  a rather  poor 
synchroniser  of  these  rhythms  In  comparison  with  the  soclo-ecoloalc 
dependent  actlvl^-rest  alternation  (with  reference  to  mid-sleep)  with 
which  It  was  In  competition.  The  finding  that  a rapid  rotation  of 
shifts  (changing  every  3-4  dqys)  seems  to  be  well  tolerated  from  a 
chronophyslological  point  of  view  Is  Important,  since  sociality  as 
well  as  psychologically,  a rapidly  rotating  shift  system  Is  preferable 
to  the  conventional,  more  slowing  rotating  system.  In  which  shifts 
change  at  weekly  Intervals, 
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655. 

Glannetta*  C*  L.  and  S.  V.  Jayanthinathan.  Circadian  variations  In  renal 
excretion  of  magnesium,  calcium,  and  phosphorus  during  a 3«day  flight-on- 
board  C-5  aircraft.  Brooks  Air  Force  Base  TEX:  USAF  School  of  Aerospace 
Medicine  (VNE),  1974.  AO-787  661,  8 pp. 

The  effect  of  a 3-day  flight  on  the  excretion  of  calcium, 
magnesium,  and  Inorganic  phosphorus  In  the  urine  of  C-5  creMMnbers 
Mas  studied.  The  excretion  rate  of  the  minerals  vias  analyzed  for 
evidence  of  circadian  rhythm.  Magnesium  shoued  a signficant  (p  *05) 
day/time  interaction  during  the  flight  and  day-to-day  variation 
(p  0.5)  during  the  recovery*  Phosphorus  had  a significant 
time-of-day  variation  (p  *05).  The  day-to-time  and  day-to-day 
variations  for  calcium  Mere  of  borderline  significance. 

656. 

Glanotti,  L.  J.  A Statistical  Evaluation  of  the  Theory  of  Biorhythms*  (M.S. 
thesis)  Naval  Postgraduate,  Honterey,  CA,ReporOo.  H7b-T7090,  )5  pp.,  1974. 

In  this  thesis  the  author  provides  a detailed  analysis  of 
appropriate  statistical  methodology  to  appllctlons  to  the  study  of  the 
relationship  betMeen  biorhythm  cycles  and  performance  and  accident 
data.  He  characterizes  previous  studies  as  reflecting  the  absence  of 
a good  methodological  approach.  Justification  for  choosing  sampling 
categories,  the  lack  of  acceptable  mathematical  tests  resulting  In 
quantlfli^le  results.  These  deficlences  lead  to  Incomplete  results 
and  subjectively  Interpreted  conclusions.  Also,  the  three  biorhythm 
cycles  are  vaguely  defined:  performance  may  Involve  physical  and 
emotional  responses,  as  Mell  as  Intellectual.  He  advocates  use  of  the 
chi-square  contingency  test  and  coefficient  of  contingency  to 
determine  If  there  Is  a correlation  betMeen  the  blorh^hm  cycle  and 
the  performance  observation.  The  chi  square  goodness  of  fit  test  and 
the  Kolmogorov-Smirnov  test  should  be  used  to  test  the  hypothesis  that 
the  data  are  uniformly  distributed  (not  cyclical).  In  cases  Mhere 
sample  size  Is  small,  the  Fisher  Test  for  exact  probability  should  be 
used.  These  methods  Mere  used  on  academic  grade  scores  from  4 
subjects  obtained  from  15  courses  over  a 14  month  period  In  relation 
to  the  33  day  Intellectual  biorhythm.  A significant  (.005)  relation 
Mas  demonstrated  using  the  chi  square  test.  Chi  square  goodness  of 
fit,  but  not  the  Kolmogorov-Smirnov  test,  revealed  non-uniform  data 
distribution.  Next  the  methods  were  applied  to  66  accidents  obtained 
from  Canadian  Forest  Products,  Ltd*,  Mith  respect  to  the  23  day 

physical  cycle*  Chi  square  contingency  test  Mas  not  appropriate  here 
since  accidents  represent  exclusively  beloM  average  performance* 

Chi  square  goodness  of  fit  and  the  Kolmogorov-Smirnov  Test 
Indicated  non  uniform  data  distribution.  Distribution  of  accidents  on 
critical  days  Mas  significantly  (.01)  above  chance.  HoMever,  the 
author  claims  accident  statistics  are  not  appropriate  for  testing  the 
biorhythm  theory  since  they  Isolate  the  Iom  performance  phase  of  the 
biorhythm.  He  concludes  that  the  results  of  these  analyses  are 
coincident  Mith  biorhythm  theory  and  strongly  support  but  not 
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necessarily  prove  It.  The  authors  methodological  approach  Is  the 
most  sophisticated  In  the  biorhythm  literature  and  could  not  likely  be 
Improved  upon  since  the  non-equal  1y  spaced  distribution  of  the  data 
render  It  Inappropriate  for  periodicity  analysis.  Hoivever,  the  small 
sample  sizes  used  In  his  analysis  (4  subjects*  66  accidents  with  only 
4 occurrences  on  the  critical  day)  compromise  his  support  for  the 
performance-biorhythm  cycle  relationship  Also  he  has  not  taken  Into 
account  the  well-known  circadian  Influences  on  Intellectual 
performance  and  accidents.  If  the  occurrence  times  of  the 
examinations  and  accidents  were  not  uniformly  distributed  throughout 
the  day.  then  low-frequency  periods  could  have  resulted  from  an 
aliasing  effect.  Also,  It  Is  possible  that  significant  correlations 
may  have  existed  between  the  performance  and  accident  data  and 
non-blorhythmic  period  lengths  but  only  the  23  or  33  day  cycles  were 
tested  for  correlation  or  goodness  of  fit  In  this  study. 


657. 

Gibbs,  F.  P.  Correlation  of  plasma  corticosterone  levels  with  running 
activity  In  the  blinded  rat.  J^.  Physiol.  231:  817-821,  1976. 

658. 

Gibbs,  F.  P.  Fixed  Interval  feeding  (FIF)  does  not  entrain  the  circadian 
pacemaker  In  blind  rats  (abstract).  Fed.  Proc.  37:  832,  1978. 

659. 

Gledke,  H.,  H.  Fatranska,  P.  Doerr,  E.  Hansert,  0.  Stamm,  and  H.  Wisser. 
Tagesperlodik  der  Rectal temperatur  sowle  der  Ausscheldung  von  Electrolyten, 
Katechol ami nmetabol 1 ten  und  17-Hydroxycort1costero1den  mit  dem  Warn  belm 
Henschen  mit  und  ohne  Lichtzeitgeber  ( Circadian  rhythms  of  rectal  temperature 
and  urinary  excretion  of  17-0H-cort1costero1ds  In  man  with  and  without 
light-dark  cycle).  2iit.  Arch.  Arbeltsmed.  32:  43-66,  1974. 

During  a continuous  8-day  period,  urine  volume  and  urinary 
excretion  of  Na,  K,  Cs,  dopamine,  free  total  catecholamines, 
van111<n-mandel1c-ac1d  and  17-hydro)^cort1 costeroids  were  measured  In 
6 male  subjects  at  3-hour  Intervals.  Gross  motor  activity  (during 
daytime  only)  and  rectal  temperature  were  recorded  continuously. 

During  all  8 days  there  was  a strict  experimental  routine  with  fixed 
sleeping- times.  In  the  first  4 days  the  rhythm  of  wakefulness  and 
sleep  was  accompanied  by  a simultaneous  llght-dark-cycle  (LD);  during 
the  second  4 days,  there  was  continuous  darkness  (DD).  ihe  phase- 
relationship  of  the  9 functions  to  the  sleep-waking-rhytbn  was  the 
same  during  LD  as  ^rlng  OD.  Since  the  social  Zeltbebers,  such  as 
experimental  routine  and  sleep-waking-rhythm  were  the  same  during  LD 
as  during  DD,  It  Is  concluded  that  these  are  sufficient  for  the 
maintenance  and  the  synchronization  of  human  circadian  rhythms  under 
the  experimental  conditions  cited,  and  that  a llght-dark-cycle  Is  not 
needed.  Motor  activity*  mean-level  and  range  of  Ca  excretion  were 
significantly  lower  In  DD.  Beyond  It,  the  other  functions  showed  a 
tendency  for  lower  mean-level  and  range  of  Ca-  excretion  were 
significantly  lower  In  DO.  Beyond  It,  the  other  functions  showed  a 
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tendency  for  loMer  mean-level  and  range  In  OD  - with  the  exception  of 
17-hydroxycort1costero1ds  and  rectal  temperature  which  tended  to 
higher  ranges  In  OD. 


660. 

Glllberg.  M.»  and  T.  Akerstedt.  Catecholamines*  cortisol  and  body  temperature 
during  unrestricted  sleeo  at  different  times  of  day.  Chronoblologla  6:  100. 
1979. 

661. 

Glllberg*  N.»  and  T.  Akerstedt.  Possible  measures  of  "sleepiness":  for  the 
evaluation  of  disturbed  and  displaced  sleep  (abstract).  In:  Int.  Symp.  on 
Night-  and  Shift-work.  4th,  Rouen,  FR.,  1980,  p.  III-4. 

662. 

Gillette,  P.  J.,  Forecasting  your  ups  and  downs.  True.  Nov.  1973. 

663. 

Glllmann,  H.  Einfuhrung  In  das  Thema:  Zur  kllnischen  Bedeutung  blologischer 
Rhythmen.  (Introduction  to  the  subject:  on  the  clinical  Importance  of 
biological  rhythms).  Arzneim.-Forsch.  28:  1809-1810,  1978. 

664. 

Gingst,  V.  P.  Funktslonal 'nlye  sdvigll  v organisma  cheloveka  pre  pereyezdye  v 
mesta  s 3-chasovo1  poyasnol  raznidtel  (Funtlonal  displacement  In  the  human 
organism  during  passage  In  place  from  a 3-hour  displacement).  Teorlya  1 
Praktika  Fizicheskol  KuVtury  3:  39-40.  1970. 

Movement  of  athletes  to  a place  with  a 3-hour  time  zone  difference 
exerts  a substantial  Influence  on  the  functional  state  of  the  body, 
which  can  have  a negative  effect  on  sports  results.  On  the  first  day 
of  arrival.  It  was  Impossible  to  carry  out  training  with  a full  load* 


665. 

Girard-Globa,  A.,  G.  Bourdel,  and  N.  Forestler.  Regulation  of  circadian 
rhythm  In  hepatic  enzymes  by  schedule  of  food  Ingestion.  Chronoblologla  3: 
79,  1976. 

This  study  show  that  the  displacement  of  the  protein  meal  and  Its 
dissociation  from  the  energetic  Intake  not  only  results  In  alterations 
In  the  circadian  rhythmicity  of  the  various  enzymes  responsible  for 
amino-acid  metabolism,  but  also  desynchronizes  their  activities. 


666. 

Gittelson,  B.  Biorhythm:  A Personal  Science.  New  York:  Arco  Publishing, 
1977,  202  pp. 


This  book  provides  a basic  Introduction  to  FI  less*  biorhythm 
theory,  along  with  discussion  of  scientific  biological  rhythms.  He 
also  discusses  applications  of  biorhythm  to  sports  performance  and 
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accident  reduction.  The  author  states  that  nothing  In  biorhythm  theory 
contradicts  scientific  knowledge  but  then  cites  Dewans*  work  on  the 
alteration  of  menstrual  cycles  by  lighting  schedules  which  violates 
the  biorhythm  axiom  of  period  constancy.  He  notes  the  failure  of 
menstrual  cycles  to  correspond  to  the  exact  28  day  biorhythm  period 
but  claims  this  results  from  the  Interaction  of  biorhythm  23  and  28 
day  periods.  He  qualifies  the  biorhythm  theory  somewhat  by  noting 
that  there  are  no  physical  correlates  to  the  23»  28  and  33  day  cycles 
(except  possibly  lunar),  by  referring  to  a study  by  a Kosmos 
International  Inc.  Indicating  the  existence  of  a *m1n1-cr1t1ca1*'  day 
at  the  center  of  biorhythm  phase,  by  showing  that  there  may  be 
differences  In  biorhythm  cycle  amplitudes  In  Individuals  which  are 
genetically  determined,  by  Indicating  that  the  effects  of  biorhythm 
cycles  may  be  masked  except  In  situational  encounters  (accidents, 
challenging  tests)  and  by  questioning  whether  biorhythm  cycles  are 
constant  In  every  Individual.  A ni;d>er  of  studies,  apparently  largely 
unpublished,  are  cited,  relating  accidents  and  performance  to 
biorhythm  cycles:  Dr.  F.  Pircher  of  Basel,  Switzerland  found  70%  of 
204  aviation  accidents  occurred  on  a critical  day;  Col.  U.  Kernach  of 
the  Swiss  Cadet  Training  Center  found  70%  of  130  student  pilot 
accidents  occurred  on  a critical  day;  Dr.  Sansouci,  consultant  to  a 
state  mental  hospital  In  Rhode  Island  found  that  schizophrenic 
behavior  cycles  corresponded  to  emotional  critical  days;  S.  Kawahara, 
of  the  Japanese  Military  Police,  found  S9%  of  self-caused  accidents 
occurred  on  critical  days;  the  Tokyo  Metropolitan  Police  found  82%  of 
self-caused  traffic  accidents  occurred  on  critical  days;  the  Osaka 
Police  found  70%  of  auto  Injuries  to  children  occurred  on  critical 
days;  6.  Krause-Poray  of  Queensland,  Australia,  found  that  54%  of  100 
auto  deaths  occurred  on  critical  days;  C.  Newcomb  found  53%  of  100 
accidents  of  the  Edison  Electric  Inst,  occurred  on  critical  days;  Dr. 
P.  Costin  of  the  Canadian  Air  Force  found  81%  of  acts  of  heroism  by 
Canadian  soldiers  took  place  on  critical  days;  the  National  Lead  Co. 
reduced  accidents  from  4-40%  In  two  groups  of  workers  where  safety  was 
emphasized  on  workers'  critical  days.  In  a third  group,  where  safety 
was  emphasized  on  days  chosen  at  random,  accidents  Increased  28%; 
United  Air  lines  distributed  biorhythms  plots  to  2800  ground  crew  and 
maintenance  workers  and  claimed  accidents  were  halved.  The  author, 
however,  criticizes  the  findings  of  the  Canadian  Workman's 
Compensation  Board,  who  In  analyzing  13  of  215  accidents,  found  no 
relation  to  biorhythm  critical  days,  as  Including  non-self-caused 
accidents  and  perhaps  faulty  calculation  of  critical  days.  He  quotes 
the  study  by  R.  Hersey,  who  found  33-36  day  cycles  In  mood  cycles  of 
Industrial  workers.  This  cycle  corresponds  to  the  33  day  Intellectual 
cycle,  not  the  28  day  emotional  cycle,  but  Gittelson  claims  the  mood 
testing  communication  may  have  Involved  an  Intellectual  process.  He 
claims  that  the  Ohml  Railway  found  59%  of  331  accidents  occurring  on 
critical  and  adjacent  days  (but  critical  plus  adjacent  days  of  the  3 
biorhythms  constitute  over  60%  of  the  total  days!).  Finally, 

Gittelson  claims  (p.  31)  that  biorhythmic  critical  days  occur 
once/year.  But  a simple  calculation:  (probability  of  3 cycles 
Intersecting  at  phase  zero)  > (2/23  x 2/28  x 2/33)  ■ 0.00038  » 

1/2656.5  days  « 7.3  yearsl 
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Gittelson,  P.  Biorhythm  Sports  For«ca$t1ng.  New  York:  Arco  Publishing  Co. • 
1977(  238  p|>. 

This  book  provides  a basic  Introduction  to  the  biorhythm  method  of 
FI  less  with  particular  emphasis  on  application  to  athletic 
perfonaance.  Most  of  this  Information  can  be  found  In  Gittelson,  B. 
Biorhythm.  A Personal  Science,  Arco,  New  York,  1977.  He  cites 
Innumerable  examples  of  Incidences  relating  Individual  and  team 
performance  to  biorhythm  phase,  with  the  Implication  that  Individual 
and  team  performance  can  be  predicted  from  biorhythm  charts.  The  book 
also  contains  charting  Information  and  a comprehensive  listing  of 
celebrities  and  sports  performers  with  birthdays  for  charting 
purposes.  His  approach  Is  limited  by  use  of  selected  anecdotal 
examples  rather  than  valid  statistical  samples  and  tenuous 
rationalizations  of  why  good  or  bad  performance  occurs  at  a particular 
biorhythm  phase. 


668. 

Gittelson,  B.  The  Gittelson  Biorhythm  Code  Book.  Charts  and  Compatibility 

Guides  for  1978-1982.  New  Torfc;  Arco  Publishing  Co.,  1978. 

This  Is  primarily  an  expanded  set  of  biorhythm  tables.  The 
following  anecdotal  Information  for  the  efficacy  of  biorhythm 
scheduling  was  provided  In  an  Introduction:  100%  successful  surgical 
rate  using  biorhythmic  scheduling  (0.  R.  A.  M.  Letter),  Increased  pain 
tolerance  In  dental  patients  using  biorhythm  high  phases,  41-73%  of 
accident  occurrences  on  critical  days  (G.  R.  Schwartz  of  U.S.  Dept,  of 
Interior),  40%  drop  In  accidents  following  Installation  of  biorhythm 
safety  program  (Armstrong  Cork  Co.,  Lancaster,  Pa). 

669. 

Gittelson,  B.  Your  Personal  Biorhythm  Dally  Planner  for  1980. 

Kansas  City:  Andrews  and  McMeel , 1980. 

The  author  provides  a book  of  charts  so  that  the  reader  can  chart 
dally  biorhythm  phases  In  diary  style.  Dally  comments  are  provided  In 
association  with  various  biorhythm  phases  (high,  low,  critical)  which 
resemble  dally  astrological  horoscopes. 


670. 

Glaubman,  H.,  I.  Orbach,  0.  Aviram,  et  al.  REN  deprivation  and  divergent 
thinking.  Psychophysiology  15:  75-79,  1978. 

The  contribution  of  REM  sleep  to  divergent  thinking  was  examined. 
Ten  subjects  were  deprived  of  REM  sleep  and  of  equal  length  of  NREM 
sleep.  In  both  cases  a divergent  thinking  task  was  assigned  In  the 
evening  to  be  performed  In  the  morning.  The  subjects'  responses  after 
NREM  deprivation  were  numerically  greater.  Included  more  positive 
reactions,  and  were  more  divergent  and  original  than  those  produced 
after  REM  deprivation.  The  stu<ty  thus  reconfirms  the  hypothesis  that 
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REM  sleep  contributes  to  divergent  thinking  end  supports  the  cleln 
that  It  encourages  the  Individual's  adaptation  to  new  situations. 


671. 

61env111e»  M.  Examination  of  the  factors  Influencing  Individual 
susceptibility  to  shiftwork.  Chronoblologla  6;  101,  1979. 

The  results  suggest  that  there  Is  a peak  In  both  mental  and 
physical  functions  around  the  age  of  26  which  gives  the  2S*year>o1d 
subject  an  advantage  with  respect  to  disruptions  In  the  circadian 
sleep  cycle,  and  that  familiarity  with  the  job  rather  than  length  of 
experience  Is  the  Important  factor.  No  subjects  rated  themselves  as 
being  a definite  or  even  moderate  morning  typo  and  this  Is  discussed 
In  relation  to  previous  findings  concerning  self-selection  procedures. 


672. 

Glenville,  M.,  R.  Broughton,  A.  N.  Wing  and  R.  T.  Wilkinson.  Effects  of  sleep 
deprivation  on  short  duration  performance  measures  compared  to  the  Wilkinson 
auditory  vigilance  task.  Sleep  1:  169-176,  1978. 

The  effects  of  one  night's  total  sleep  deprivation  were  examined 
using  the  Wilkinson  vigilance  task  and  four  10  min  duration 
performance  tests.  A repeated  measures  design  was  used  In  tdilch  eight 
male  subjects  experienced  one  night  of  sleep  loss,  the  order  of  sleep 
loss  being  balanced  across  subjects.  The  four  short  duration 
performance  tests  consisted  of  choice  reaction  time,  simple  reaction 
time,  short-term  memory,  and  a motor  task,  handwriting.  The  results 
confirm  the  effects  of  one  night's  sleep  deprivation  on  the  vigilance 
task  and  also  show  that  performance  on  the  two  reaction  time  tests  was 
significantly  Impaired  by  the  loss  of  sleep,  but  not  at  such  a high 
level  as  for  the  vigilance.  The  short-term  memory  test  failed  to  show 
ar^  adverse  effects  of  sleep  loss  and  similarly  for  the  handwriting. 

The  experiment  shows  that  two  portable  and  brief  (10  min)  performance 
tests  are  sensitive  Indices  of  sleep  loss  and  should  be  particularly 
useful  for  assessing  levels  of  alertness  In  the  field. 


673. 

Glenville  M,  and  R.  T.  Wilkinson.  Portable  devices  for  measuring  performance 
In  the  field:  The  effects  of  sleep  deprivation  and  night  shift  on  the 
performance  of  computer  operators.  Ergonomics  21:  865,  1978 

674. 

Glenville,  M.,  and  R.  T.  Wilkinson.  Portable  devices  for  measuring  performance 
In  the  field:  the  effects  of  sleep  deprivation  and  night  shift  on  the 
performance  of  computer  operators.  Ergonomics  22:  927-933,  1979. 

The  performance  of  twelve  computer  operators  was  measured  In  the 
field,  on  two  new  portable  tests  of  reaction  time,  during  the  first 
night  of  the  night  shift  at  0400  h and  at  the  beginning  day  shift 
(0800  h),  over  three  successive  three-week  comparisons.  The  results 
were:  (1)  mean  reaction  time  Increased  significantly  on  the  night 
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shift  as  conpared  with  the  day:  (ID  the  adverse  effect  of  the  night 
shift  was  absent  during  the  first  coit>ar1son  and  becaM  Increasingly 
apparent  on  the  second  and  third  replications.  These  results:  (1) 
provide  evidence  of  Inferior  performance  on  the  night  as  compared  with 
the  day  shift  In  the  field:  (11)  show  that  data  from  previous  studies 
of  sleep  deprivation  In  the  laboratory  are  able  to  provide  a good 
Indication  of  what  was  to  be  expected  In  the  field;  (111)  emphasize 
the  need  for  longitudinal  studies  In  order  to  assess  the  true  effects 
of  stressful  Influences* 
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G11nes«  C*  V.  Fatigue.  Air  Line  Pilot  44;  6-10,  1975. 

675a. 

Gllnes,  C*  V.  Probable  cause:  pilot  fatigue?  Air  Line  Pilot  45;  1947,  1976. 

676. 

Gllnes,  C.  V,  Flight  time/duty  time.  Air  Line  Pilot  48;  6-12,  55,  1979. 

677. 

Globus,  G.  G.,  E.  C.  Phoebus,  and  R.  Boyd.  Temporal  organization  of  night 
workers'  sleep.  Aeroso.  Hed.  43:  266-268,  1972. 

678. 

Goertzen,  C.  Synchronization  und  Desynchronization  verschledener  psy- 
choohYslolodlscher  Varlablen.  Kongr.  Dtsch.  Ges.  Psychol.  Report  30.  1976,  pp 
387-388.  — 

679. 

Goetz,  F.,  J.  Bishop,  F.  Halberg,  R.  6.  Sothern,  R.  Brunning,  B.  Senske,  B. 
Greenberg,  0.  minors,  P.  Stongy,  I.  0.  Smith,  G.  0*  Rosen,  0.  Cressey,  E. 

Haus,  and  M.  Apfelbaum.  Timing  of  single  dally  meal  Influences  relations 
among  human  circadian  rhythms  In  urinary  cyclic  AHP  and  hemic  glucagon. 

Insulin  and  Iron.  Experlentia  15;  1081-1084.  1976. 


680. 

Goldberg,  V.  Do  body  rhythms  really  make  you  tick?  Mew  York  10:  71-74,  1977 


681. 

Goldberg,  V.  What  can  we  do  about  jet  lag?  Psych.  Today  11:  68-72,  1977. 

682. 

Goncharenko,  A.  M.  Elektrofizlologicheskoe  Issledovanie  sna  pri  smennom 
rezhime  raboty  1 proizvodstvenno  obuslovlennom  emotslonal  'nom  napriazhenll 
(Electrophyslological  Investigation  of  sleep  during  work-shift  regime  and 
production  - Induced  emotion  stress).  Fizlologla  Cheloveka  5;  641-649,  1979. 

683. 

Gonzales,  L.  Airline  Safety.  Playboy  27;  135-142,  268-290,  1980. 
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684. 

Gonzalez,  F.  F.,  J.  Zaplana,  C.  R.  Da  Elvira,  and  J.  M.  R.  Delpado.  Nocturnal 
and  diurnal  sleep  In  Macaca  lylvana.  Clectrotncephal . Clin.  Neurophyslol. 
46:  13-28,  1979.  

685. 

Gordon,  $.  A.,  M.  0.  Challberp,  and  E.  N.  Butts.  Light-phased  circadian 
rhythms  of  hepatic  tryptophan  to  auxin  and  tryptophan  aminotransferase 
activities  In  the  mouse.  Int.  J.  Chronoblol.  1:  6S-71,  1973. 

6tVi, 

Gouars,  M.  Etude  des  possibilities  d'adaptatlon  de  Vhcmme  a un  rythme  de 
view  Impose  de  30  heures.  In:  Eroonomle  due  travail  ^ nult  et  des  horalros 
alternants,  edited  by  P.  Andlauer,  et  al.  Paris:  Editions  Cujas  (Education 
Permanent  Univ.  Paris  I)  Paris,  1977,  pp.  57-60, 

687. 

Graeber,  R.  C.  Alterations  In  performance  following  rapid  transmeridian 
flight.  Chronoblologla  6:  101-102,  1979. 

Rapid  transmeridian  flight  provides  a unique  opportunity  to 
observe  the  chronoblol  ogle  effects  of  a sudden,  dramtic  shift  In  the 
timing  of  numerous  geophysical  and  social  external  synchronizers.  It 
value  as  a real-world  experiment  has  not  gone  unnoticed  by  students  of 
physiologic  rhythms.  However,  It  may  have  even  greater  value  to  those 
of  us  who  emphasize  the  behavioral  aspects  of  biological  rhythms  In 
that  It  challenges  us  with  a practical  test  of  the  Implications  of 
circadian  rhythms  for  human  performance.  A review  of  the  current 
literature  suggests  that  the  extent  and  duration  of  post-flight 
performance  deficits  may  not  be  as  great  as  the  concomitant 
disruptions  In  physiological -circadian  rhythms.  This  conclusion  must 
be  considered  tentative  at  best  In  view  of  the  relatively  few  subjects 
In  limited  tasks  which  have  been  used.  A more  systematic  cognitive 
and  perceptual  motor  approach  1$  suggested. 


688. 

Graeber,  R.  C.,  8.  N.  Cuthbert,  H.  C.  Sing,  R.  J.  Schneider,  and  G.  R. 
Sessions.  Rapid  transmeridian  deployment:  I.  Uses  of  the  chronoblol ogle 

countermeasures  to  hasten  time  zone  adjustment  In  soldiers.  Chronoblologla  6: 
102,  1979. 

Altering  the  tlsH'^g  of  certain  synchronizers  before  flight 
departure  may  accelerjtf  circadian  phase  adjustment  to  a new  time 
zone.  This  study  examined  the  effectiveness  of  such  countermeasures 
by  comparing  2 groups  of  90  male  soldiers  (age  18-28)  years)  airlifted 
from  Texas  to  W.  Germany.  Oral  temperatures  were  measured  at  4-h 
Intervals  during  4 working  days  prior  to  departure.  Every  4 h 
throughout  the  96-h  span  a subset  of  15  subjects  In  each  group 
maintained  a circadian  diary,  had  their  temperatures  taken,  performed 
2 simple  behavioral  tasks,  and  completed  a subjective  fatigue 
checklist.  Countermeasures  Instituted  on  the  morning  of  departure 
advanced  the  time  h)  of  means,  rest/activity,  and  social 
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Interaction.  The  experimental  subjects  ate  llshtly  and  avoided 
caffeine  on  the  dsy  of  departure,  took  100  mo  of  "Dramamlne”  before 
lights  out  at  1700,  and  ate  a large  high  protein  breakfast  with  coffee 
before  landing  at  0600.  The  control  subjects  underwent  usual  airlift 
procedures  on  a separate  flight.  Upon  arrival  all  subjects  were 
studied  every  4 h for  6 days.  The  countermeasures  significantly 
reduced  sleeping  and  subjective  fatigue  during  the  first  2 deys. 

Single  digit  addition  was  unaffected  for  both  groups.  The  mean  oral 
temperatures  of  both  groups  >'9n1fested  appropriate  circadian  phase 
shifts  within  24-48  h;  however,  the  countermeasures  produced  a more 
rapid  phase  adjustment  and  recovery  of  amplitude  for  those  subjects 
30  years  old.  The  use  of  chronoblologic  countermeasures,  even  If 
limited  to  the  day  of  departure,  mgy  help  overcome  the  effects  of 
transmeridian  flight  more  rapidly. 
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Graeber,  R.  C*,  R.  Gatty,  F.  Halberg,  and  H.  Levine.  Hwian  eating  behavior; 
preferences,  consumption  patterns . and  biorhythms.  Natick,  iIa.:  rood 
Sciences  Laboratory,  1978,  287  pp. 

690. 

Graeber,  R.  C.,  H.  C.  Sing,  and  8.  N.  Cuthbert.  The  ligpact  of  transmeridian 
flight  on  depl eying  soldiers.  In:  The  24-Hour  Workday.  A Symposium  on 
Variations  in  Work-Slyp  Sche^les.  THlted  by:  L.  0.  Johnson,  u.  i.  Tepas, 
h.  CoTqulioun,  and  M.  J.  Colllgan.  Washington,  O.C.:  National  Institute 
for  Occupational  Safety  and  Health,  In  press.,  1^,  30  pp. 

6&1. 

Graeber,  R.  C.,  et  al.  Circadian  rhythm  In  tapping  of  subjects  on  a limited 
free-choice  diet.  Chronoblologla  2 (Suppl.  1):  24^  1975. 

692. 

Grandjean,  E.  Fatigue:  It*s  physiological  and  psychological  significance. 
Ergonomics  11:  427-436,  1968. 

692a 

Grandjean,  E.  P..  G.  Hotzka,  R.  Schaad,  and  A.  Gllgen.  Fatigue  and  stress  In 
air  traffic  controllers.  Ergonomics  14;  159-16S,  1971. 

Fatigue  was  measured  on  6B  air  traffic  controllers  using  the 
following  methods:  critical  fusion  frequency  (CFF),  tapping  test, 
grid  tapping  test,  self-rating.  The  measurements  were  taken  9 times 
within  24  hours  over  3 weeks.  Stress  was  measured  on  the  basis  of  a 
questionnaire  and  of  catecholamine  excretion  In  urine.  The  four 
fatigue  tests  showed  significant  agreement.  There  was  a marked 
decrease  In  the  values  after  the  6th  hour  of  work.  During  the  night 
hours,  the  test  values  were  lower,  and  the  subjects  stated  they  were 
more  tired.  For  the  first  work  hour  and  for  the  9th  and  11th  work 
hour  Spearman's  correlation  coefficients  between  the  two  sets  of  data 
were  calculated.  A signficant  correlation  was  found  (a)  between  CFF 
and  grid  tapping  (p  < 0.02);  (b)  between  CFF  and  self-rating 
"refreshed- tired"  (p  < 0.05);  (c)  between  grid  tapping  and  self-rating 


"refreshed-tired"  (p  < 0.02).  This  means  that  subjects  with  a marked 
decrease  In  CFF  or  In  grid  tapping  performance  have  a greater  tendency 
to  "tired"  In  the  self-rating  test.  On  the  basis  of  this  finding  It 
might  therefore  be  hypothesized  that  all  measures  are  Indicative  of  a 
common  state  of  fatigue. 

Results  of  the  questionnaire  (62  subjects):  In  difficult 
situations  60  subjects  felt  nervous,  tense.  Irritated,  13  were  anxious 
and  trembling,  19  had  Increased  perspiration,  14  had  Increased  pulse 
rate  and  heart  ache,  25  suffered  from  Insomnia  and  chronic  fatigue. 

Urine  samples  from  6 subjects  were  taken  after  normal  office  work, 
easy  ground  control  work,  and  radar  air  traffic  control.  There  was  a 
significant  Increase  In  the  catecholamines  In  the  last  condition. 


693. 

Gratton,  J.  B.  A Study  In  the  Effects  of  Diurna’  Variations  upon  Maximal 
Stress  Performance,  Resting  Heart  Rate,  and  Reaction  Time.  (Pn.D.  thesis). 
East  Texas  State  Univ.,  19/8.  ~ 

The  Investigation  was  undertaken  In  an  effort  to  determine  the 
effects  of  diurnal  variations  upon  maximal  stress  performance,  resting 
heart  rate,  and  reaction  time.  A second  purpose  Included  In  the  study 
was  to  determine  the  effects  of  fatigue  upon  reaction  time. 


694. 

Grieq.  N.  They  got  Bio-Rhythm.  San  Francisco  Chronicle,  p.  4.  March  26, 
1975.  


This  article  discusses  the  popular  biorhythm  surge  In  the  San 
Francisco  Bqy  area,  discussing  the  use  of  coin  operated  Bio-Computers 
which  provide  biorhythm  predictions.  Literature  from  the  Assoc.  Coin 
Amusement  Co.  of  Oakland  which  developed  the  machine  claims  the  NASA 
authorities  used  biorhythm  theory  to  chart  the  life  cycles  of  the 
astronauts  to  set  schedules  ensuring  optimum  performance  but  no 
documentation  exists  for  this  claim. 


695. 

Groot  Wesseldijk.  A.  T.  The  Influence  of  shift  work  on  health.  Ergonomics  4: 
281-282,  1961. 


696. 

Gross,  H.  M.  Blorhythmik;  die  Auf  und  Ab  unserer  Le^nskraft;  E Inf  loss  and 
Anleltung  (Biorhythmic:  ^e  up  an?  down  of  our  vitality:  TnTluence  and 
Introduction).  Freiburg:  Bauer,  1975,  236  pp. 

The  author  claims  that  80S  of  all  accidents  Involving  racing  car 
drivers  occur  on  biorhythmic  critical  dqys. 
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Grossman,  R.  I got  rhythm  (and  so  do  you).  Family  Health  11:  54-57,  1979. 
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In  this  popular  discussion  of  biological  rhythms,  the  author 
refers  to  the  biorhythm  method  as  a fbrm  of  computerized  astrology  and 
recommends  that  people  Instead  determine  their  own  rhythms  by  keeping 
records  of  moods,  sleep  and  physiological  measurements  and  significant 
life  events. 

696. 

Groza,  P.,  V.  lonescu,  L.  Stoenescu,  R.  Vranclanu,  and  V.  Fllcescu.  Circadian 
synchronization  and  desynchronization  of  some  cardl0((ynam1c  parameters  In 
reversed  act1v1ty*rest  cycle.  Rev.  Roum.  Morphol.  Embryol.  Physiol.  Physiol. 
15:  23-27,  1978.  

A comparative  study  of  23  turners  on  the  first  and  fifth  days 
ofthe  weeks  In  which  they  worked  In  the  morning  shift  and  In  the  night 
shift  respectively  has  shown  that  the  vagal  predominance  of  biorhythm 
Influences  mainly  the  heart  rate  and  the  total  ejection.  In  the  second 
part  of  night  work,  mobilization  of  the  autonomic  nervous  system  by 
ergorhythm  brought  about  a shortening  of  the  Initial  rapid  systolic 
phase  and  an  obviously  smaller  variation  of  electrical  systole  (OT)  In 
relation  to  the  heart  rate  (HR).  Different  and  even  opposite  circadian 
changes  were  recorded  In  sportsmen.  These  findings  might  be  of 
practical  use  In  assessing  the  efficiency  of  adaptetlon  to  night  work. 

699. 

Guignard,  J.  C.  Noise  In  Combination  with  Other  Stressors.  In:  Symposium  on 
working  Place  Safety  Proceedings.  Bad  Grund,  Germany,  1974,  1 p. 

The  adverse  effects  of  noise  Include  temporary  and  permanent 
threshold  shift  In  hearing;  Interference  with  communication  (which  can 
be  dangerous,  as  well  as  affecting  productivity);  Impairment  of 
skilled  performance  In  certain  kinds  of  task;  and  physiological 
stress.  Some  of  these  responses  can  be  modified  by  the  simultaneous 
presence  of  other  stressors,  such  as  vibration,  heat  workload  stress, 
sleep  loss,  and  other  biological  or  physical  factors  In  the  work 
situation.  However,  the  Interaction  of  other  stressors  with  noise  Is 
varied  and  frequently  complex,  and  cannot  simply  be  summarized  as 
alweys  additive.  In  some  circumstances,  for  Instance,  human 
performance  appears  paradoxical  1y  to  be  Improved  by  the  addition  of 
noise  idien  It  Is  degraded  by  another  stress  (e.g.,  sleep  loss). 

Again,  temporary  threshold  shift  due  to  Intense  broad-band  noise  Is 
sometimes  lessened  by  simultaneous  whole-body  vibration.  The 
Interaction  between  noise  and  other  stressors  can  accordingly  be 
specified  only  for  particular  combinations  of  factors,  for  It  varies 
not  only  with  the  nature  of  the  other  stressors  In  the  combination  but 
also  with  time  and  with  the  level  and  the  relative  severity  of  the 
noise  and  other  stressors. 

700. 

Gull lemlnault,  C.,  and  M.  Carskadon.  Relationships  between  sleep  disorders 
and  daytime  complaints.  In:  Memory,  Environment,  Epilepsy,  Sleep  Staging, 
edited  by  M.  P.  Koella  and  P.  Leum.  New  Vork:  ITarger  Press,  19//, 
pp.  95-102. 
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701. 

Oulllemi,  R.,  E.  RadzIszcMskl  and  A.  Reinberg.  Circadian  rhythms  of  six 
healthy  young  men  over  a 4-week  period  with  night-work  every  48  hr  and  a 2% 
CO2  atmosphere.  Int.  J.  Chronoblol.  3:  14,  1975. 

702. 

Gulllerm,  R. , E.  Radzl szewski , and  A.  Reinberg.  Persisting  and  unaltered 
circadian  rhythms  of  six  healthy  young  men  with  a nIght-Mork  shift  every 
48  hrs  and  a 2Y  CO9  atmosphere  during  a 4-week  span.  Chronoblologla  2: 
336-345,  1975.  » •'  a— 

Six  apparently  healthy  young  males  (20  */-  0.5  years  of  age)  lived 
In  a specially  designed  laboratory  for  a 1-week  span  In  nomal  air, 
followed  by  4 weeks  In  a 2%  C02  atmosphere  and  thereafter  l week 
again  In  normal  air.  Room  temperature  was  24®C  ♦/-  1°C  ; relative 
hygrometiy  75%  +/-  5%.  With  respect  to  soclo-ecologic  time  clues  and 
cues,  the  subjects  were  not  Isolated.  The  subjects'  social 
synchronization  was  altered  only  by  the  shift-work  schedule  (Hght-on, 
0700;  light-off,  2230  on  normal  days).  Every  other  day  each  subject 
had  a 3-h  night  task,  located  between  2300  and  0700.  Once  a week, 
during  48  hrs  (Saturday  and  Sunday)  a set  of  physiologic  variables  was 
documented  every  4 hrs  In  order  to  stu((y  their  circadian  changes: 
oral  temperature,  peak  expiratory  flow,  grip  strength,  arterial  blood 
pressure,  tempo,  and  urinary  pH,  volume  and  potassium  excretion.  As 
far  as  rhythms  are  detectable  (cosinor  method)  the  most  striking 
result  Is  that  both  rhythm  acrophases  and  amplitudes  do  not  show  any 
statistically  slrnlflcant  changes  when  comparing  either  night-work 

versus  day-work  and/or  normal  air  versus  air  with  2%  COo*  3 
hrs.  of  night-work  every  other  day  and  an  unusual  amount  of  CO2  do 
not  alter  the  parameters  characterizing  the  circadian  rhythms 
considered.  The  absence  of  desynchronization  during  night-work  could 
be  related  to:  1)  the  speed  of  rotation  In  the  shift-work;  2)  the 
short  duration  of  night-work;  and  3)  the  youth  of  the  subjects. 


703. 

Gulsset,  J.  L.,  T.  Vanden  Orlessche,  and  R.  Detrle.  Conceiving 
microprocessor-  based  data  gathering  and  processing  (abstract).  In:  Int. 
Symp.  on  Night-  and  Shift-work,  5th,  Rouen,  FR.,  1980,  p.  1-2. 
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Gunther,  E.  Die  Veran^rongen  Taysperlodlscher  Schwankungen  von  Atnung  und 
Sauerstoffaufnalime  nach  Transmerlo'tanen  Flugen.  (Ph.b.  ThesfsTr"Un(v.  Bonn, 
1972;: 2^ 
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Gwinner,  E.  Entrainment  of  a circadian  rhythm  In  birds  by  species-specific 
song  titles.  Experlentia  22:  765,  1966. 
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GMlnntr,  E.  Testosterone  Induces  "splitting*  of  circedlen  1ocop»*:or  activity 
rhythms  In  birds.  Science  185:  72-74,  1974. 


Under  the  Influence  of  testosterone,  the  free-running  circadian 
rhythn  of  locoaotor  activity  of  the  starling,  Stumus  tends 

to  “split"  Into  tMO  coMponents  which  tenporarlly  run  with  different 
circadian  frequencies:  "splitting*  occurred  In  Intact  birds  whose 
testes  grew,  and  In  castrated  birds  that  were  Injected  with 
testosterone.  Since  "splitting"  nost  probably  reflects  the  tenporal 
•ieparatlon  of  two  (or  two  groups  of)  circadian  oscillators,  these 
results  suggest  that  testosterone  affects  the  Mutual  coupling  of 
circadian  oscillators  controlling  locomotor  activity* 
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Hadjilova,  J.,  and  M.  Daleva.  Dally  variations  of  the  urinary  excretion  of 
sone  corticosteroids  and  catecholamines  in  workers  under  different  working 
conditions.  Ergonomics  21:  866,  1978. 

Dally  variations  of  urinary  excretions  of  free 
11-oxycort1costero1ds»  total  17«okycort1costero1ds,  adrenaline  and 
nonadrenallne  were  studied  In  various  groups  under  resting  conditions, 
and  with  different  work  loads*  In  resting  conditions  urinary 
11-oxycort1costero1d  concentrations  showed  an  early  morning  rise  and 
a subsequent  decline  over  the  24  h sampling  period.  Peak  values  for 
bott:  free  and  conjugated  adrenaline  and  nonadrenallne  were  found 
between  1100  h and  1300  h.  The  excretion  patterns  of  the 
ll-oxycort1costero1ds  were  found  to  be  relatively  unaffected  by 
variations  In  work  load  up  to  moderate  levels.  However,  higher  work 
loading  extensions  of  working  hours  beyond  normal  length,  and 
unfavourable  working  conditions  altered  the  measured  corticosteroid 
and  catecholamine  excretions,  notably  by  reducing  the  amplitude  of 
their  clrcaulan  variations. 
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Haggard,  D.  F.  HUMRRO  studies  In  continuous  operations.  Alexandria,  Va; 
Human  Resources  Research  Organization,  HUMRRO  Professional  Paper-7-70,  1970, 
15  p. 
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maturation  of  neural  elements  controlling  biorhythm  of  sleep,  wakefulness  and 
paradoxical  sleep  In  rats.  Brain  Res.  166:  359-368,  1979. 
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Hak,  A.,  and  R.  Kampan.  Working  Irregular  hours:  complaints  and  state  of 
fitness  of  rallwey-personnel  (abstract).  In:  Int.  Symp.  on  Night-  and 
Shift-work.  5th,  Rouen,  FR.,  1980,  p.  IV-4. 
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Hakjcinen,  S.  Adaptability  to  shift  work.  In:  Night  and  Shift  Work.  Edited 
by  A.  Swensson.  Stockholm:  Inst.  Occup.  Health,  19697“pp.  eH-BOr” 
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Halberg, E.,  J.  Halberg,  F.  Halberg,  and  F.  Halberg.  Is  there  a "menstrual" 
component  In  oral  temperature  series  prior  to  menarche?  Chronoblologla  4: 
113,  1977.  

Self-measurements  of  body  temperature  In  two  girls  revealed  period 
lengths  of  27.9  and  28.1  days,  respectively,  prior  to  menarche. 
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meal -scheduling,  lighting  and  housing  Influence  the  timing  of  circadian 
rhythms  to  a different  extent  at  different  levels  of 
murine  organization.  Int.  J.  Chronoblol.  1:  327-328.  1973. 
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715. 
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shiftwork.  In:  Shift  Work  and  Health:  A Symposium.  1975,  U.  S.  Department 
of  Health,  Education,  and  Welfare!  I97B.  pp.  13-47. 
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Halberg.  F.  Implications  of  biological  rhythms  for  clinical  practice.  Hosp. 
Pract.  12:  139-149,  1977. 
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mechanism.  In:  Biological  Rhythms  and  their  Central  Mechanism  (A  Nalto 
Symposium),  edi ted  by  M.  Suda , 0."TfayaTsTi1 , and  H.  Nakagawa.  Rew  York: 
Elsevler/North-Holland,  1978,  pp.  328-334.  (A  summary  of  the  symposium) 
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(Suppl.)  1:  26,  1975. 
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Chronoblology.  Chronoblol ogl a 4(Supplement  1):  . 1-189,  1977. 
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I Least  squares  spectral  analysis  of  24-hour  urinary  17-ketostero1ds 

f collected  froM  one  man  for  over  16  years  revealed  snail  amplitude 

circaseptan,  20  day  (17.6-20.5),  monthly  (29.5-30-7)  and  circannual 
rhythms. 
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I Hal  berg,  F.,  C.  Hal  berg,  and  J.  Hal  berg.  Col lateral -Interacting  hierarchy  of 

r^thm  coordination  at  different  organization  levels,  changing  schedules  and 
f aging.  In:  Biological  W^thms  and  Their  Central  M^hanlsm  (A  Hal  to 

Foundation  Sympos(um),  edited  by'TC  Suda,  b.  l(aya1sh1,  and  M.  Nakagawa.  New 
I York:  Elsevler/North-Holland,  1979,  pp.  421-434. 
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I Chronoblologle  (Chronopharmacology,  chronodletetics,  and  eventually  clinical 

I ciironotherapy).  Nova  Acta  Leopold.  46  : 307-336,  1977. 
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and  D.  Dubey.  Shift  schedules  In  relation  to  ulcergenesis,  carcinogenesis, 
and  lifespan  modelled  In  the  laboratory  with  and  without  shift-modifying 
drugs.  Ergonomics  2:  864,  1978. 
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Lifespans  of  the  codling  moth,  pink  boll  worm  and  tobacco  bud  worm 
may  be  Influenced  by  -90  (>6  h)  shifts,  at  certain  regular  Intervals 
of  the  temporal  placement  along  the  24  h scale  of  a schedule  of  light 
(L)  alternating  with  darkness  (D)  every  12  h.  Just  as  the  lifespan  of 
Inbred  C mice  can  be  affected  by  varying  (1)  the  frequency  with  which 
such  shifts  In  lighting  regimen  are  repeated  or  (2)  the  age  at  which 
such  shifts  are  Initiated,  under  conditions  standardized  for  rhythm 
assessment  (Halberg  1976).  Further  work  has  shown  that  codling  moths 
subjected  to  -90  delays  of  a regimen  of  LO  16:8  every  fifth  day  have 
higher  mortality  (p<0.5)  than  non-shifted  control  Insects. 

While  lifespan  studies  In  relation  to  shiftwork  may  be  coordinated  In 
a 3-pronged  approach  on  Insects,  rodents,  and  human  beings,  rodents 
such  as  spontaneously  hypertensive  rats  constitute.  In  turn, 
documented  models  for  a scrutiny  of  factors  Influencing  circadian 
stage-dependent  sarcoma  growth  and  ulcerogenesis.  In  addition  to  blood 
pressure  disease  and  life  span  (Julie  Halberg.  this  symposium).  The 
probability  of  affecting  schedule  shifting  by  anti-depressant  drugs, 
first  reported  for  Imipramlne.  and  under  study  by  us  with  nomifensine 
(8  am1no-1.2,3.4-tetrahydro-2-methy1-4-pheny1-1soqu1nol1ne)  Indicates 
> that  further  work  on  rodents  (and  human  beings)  would  be  of  value 

t (though  It  must  be  recognized  that  handling  In  Itself  can  bring  about 

! some  extent  of  rhythm-shift,  and  that  any  enhancement  of  rhythm 

\ shifts  In  the  rodent  by  nomifensine  Is  circadian  stage  dependent). 
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modeling  emotional  chronopathology  and  chronotherapy.  Chronoblologla  6: 
405-421.  
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Aging  and  Biological  Rhvywis.  edited  by  H.  F.  Samis  and  S.  Capoblanco.  Net* 
York:  Plenum  Pms.  l9/8,  p.  5-55. 

729. 

Hal  berg.  F..  H.  L.  Nelson,  and  L.  Cadotte.  Living  routine  shifts  simulated  on 
mice  by  Meekly  or  tMice-Meekly  manipulation  of  light-dark  cycle.  In:  Proc. 
XII  Intern.  Conf.  Intern.  Soc.  Chronoblology.  Milan:  II  Ponte.  1977.  pp. 

m-m: 

730. 

Halberg.  F..  W.  Nelson.  W.  J.  Runge.  0.  H.  Schmitt,  G.  C.  Pitts,  J.  Tremor  and 
0.  E.  Reynolds.  Plans  for  orbital  stu<ty  of  rat  biorhythms  results  of  Interest 
beyond  the  blosatelllte  program.  Space  Life  Scl.  2:  437-471,  1971. 

731. 

Halberg,  F.,  E.  W.  Powell . W.  Lubanovlc,  L.  E.  Schevlng,  J.  N.  Pasley*  P*  R» 
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bilateral  suprachlasmatic  lesions.  Adv.  Bloscl.  21:  39-48,1978. 

Histologically  validated  unilateral  removal  of  a suprachlasmatic 
nucleus  In  Inbred  Fisher  rats  kept  In  light  and  darkness  alternating 
at  12-hour  Intervals  (LD  12:12)  leads  to  an  Increase  In  the  average 
amplitude  (A)  of  the  circadian  rhythm  In  telemetered  Intraperl toneal 
temperature,  without  a change  In  average  acrophase  (e)  of  rhythm. 

Rats  with  such  unilateral  lesions  complement  those  with  histologically 
validated  bilateral  lesions  exhibiting  a circadian  thermal  A-reductlon 
and  0 advance.  Models  thus  are  available  for  use  In  the  search  for 
drugs  that  may  correct  (normalize)  experimentally  altered  circadian 
rhythm  characteristics.  I.e.,  lower  an  Increase  A or  raise  a lowered  A 
and/or  delay  and  advanced  e of  the  circadian  i^thm  In  bo((y 
temperature. 
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clinical  chronotherapy  of  emotional  disorders.  In:  Glossary  of 
Chronoblology,  edited  by  Halberg,  F.  Carandente,  G.  corneTlssen,  and 
G.^.  Katinas;  Chronobloloqla  4:  1-189,  1977. 
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Halberg  F.,  and  A.  Reinberg.  Rythmes  circadlens  et  rvthmes  dr.  bases 
frequences  en  physiologic  humalne.  J.  Physiol. (Paris) 59:  117-200,  1967. 

Circadian  rhythms  were  examined  by  chronoblologic  serial  sections 
applied  to  self-measurements  of  oral  temperature,  peak  expiratory 
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flow,  vital  capacity,  aye-hand  skill  and  heart  rate,  as  well  as 
urinary  volwie,  sodlua  and  potasslui,  hy  a presuMbly  healthy  young 
wowan  before  and  after  2 transaerldlan  flights  across  6 tine  sones. 
Polarity  characterized  the  adjustiient  rate  after  the  honeward  flight 
(froa  west  to  east).  Adjustment  rates  differ  among  variables  and  the 
variables  themselves  differ  In  the  prominence  of  their  circadian 
rhythnlclty*  Noisiness  notwithstanding,  chronoblologic  serial 
sections  represent  useful  tools  In  the  hands  of  a physiologist 
Interested  In  the  extent  of  coupling  among  circadian  rhythms  , In  the 
hands  of  an  ecologist  wishing  to  exploit  predictable  physiologic 
variability  for  envlroimentai  monitoring  or  In  the  hands  of  the 
physician  assessing  the  shift-behavior  of  pathologic  as  well  as 
physiologic  rhythms  (metarhythmometiy)  for  diagnosis  and  therapy. 
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Halberg,  F.,  A.  Reinberg,  and  A.  Reinberg.  Chronoblologic  serial  sections 
guage  circadian  rhythm  a^ustments  following  transmeridian  flight  and  life  In 
novel  environment.  Waking  and  Sleeping  1:  259-270,  1977. 
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Halberg,  F.,  and  B.  Sullivan.  Chairperson's  remarks:  meal  schedules  and 
their  Interaction  with  the  body's  schedules.  Chronoblologla  3;  75,  1976. 
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Halberg,  F.,  and  M.  B.  Visscher.  Some  physiologic  effects  of  lighting.  In: 
Proceedings  of  the  1st  International  photoblology  congress  (4th  international 
ngnt  congress),  Ms^^  1954,  pp.  396-398.  ** 

737. 

Halberg,  F.,  H.  U.  Wendt,  E.  Haus,  D.  J.  Lakatua.  Steps  toward 
physiologically  validated  maninty  (earllness)  versus  serallty  (lateness)  for 
use  In  specific  applications*  Shift-work  and  treatment  scheduling* 
Chronoblologla  4:  115,  1977. 

738. 

Halberg,  J.  Fixel  or  changing  lighting  schedules  simulating  shift-work  and 
systolic  blood  pr>^ssure  of  adult  Okamoto  SH  and  SP  rats*  Chronoblologla  4: 
116,  1977.  
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Halberg,  J.  Shift  schedules,  blood  pressure  disease,  and  lifespan  of 
genetically  mesor-hypertenslve  rats.  Ergonomics  2:  866-867,  1978. 

The  question  of  whether  certain  shift  schedules  Imposed  from  birth 
without  added  loads  lead  to  an  elevated  blood  pressure  was  examined  In 
Inbred  "spontaneously  hypertensive"  (SH)  or  "stroke-prone"  (SP)  rats, 
known  to  develop  an  overall  Increase  In  blood  pressure  mesor 
(rhythm-adjusted  mean),  37  SH  and  SP  rats  were  maintained  In  light 
from  0600  h to  1800  h alternating  with  darkness  from  1800  h to  0600  h, 
beginning  at  birth.  After  weaning  (at  approximately  4 weeks  of  age) 
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they  Mere  stratified  ty  strain,  age  and  Nelght  and  divided  Into  three 
groups.  Group  1 reMlned  on  the  sane  llghtino  schedule  as  before, 
while  Groups  Z and  3 were  subjected  to  schedule-shifts  (changes  In  the 
tenporal  placenent  along  the  24  h scale)  every  third  or  every  sixth 
day.  respectively.  In  each  case  the  shift  was  made  as  an  advance, 
I.e.,  as  a shortening  of  a single  light  span  from  12  to  6 h.  The 
Increase  In  nesor  was  slightly  less  steep  In  rats  subjected  to  shifts 
In  schedule  than  In  controls  tp<0.05),  and  lifespan  did  not  differ 
bewtween  shifted  and  control  SP  rats.  Certain  schedule  shifts  need 
not  be  "bad"  and  might  even  be  beneficial. 
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free-choice  diets  may  be  what  they  eat  but  body  weight  and  Internal  circadian 
timing  are  rhythmometrically  specifiable  functions  of  when  they  eat. 
Chronoblologla  3:  77-78,  1978. 
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Halberg,  J.,  E.  Halberg,  F.  Halberg,  and  P.  Regal.  Circadian 
desynchronization  of  blood  pressure  and  core  temperature  variation  In 
Mesor-hypertensive  rats  compatible  with  unabridged  life-span  (abstract).  In: 
Intt  Symp.  on  Night-  and  Shift-work,  5th,  Rouen,  FR.,  1980,  p.  I 1-3. 
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Halberg,  J.,  E.  Halberg,  D.  K.  Hayes,  R.  0.  Smith,  F.  Halberg,  C.  S.  Oelea,  R. 
S.  Danielson,  and  F.  C.  Bartter.  Schedule  shifts,  life  quality  and  quantity  - 
modeled  by  murine  blood  pressure  elevation  and  arthropod  life  span.  Int.  J. 
Chronoblol.  7:  17-64,  1980. 

743. 

Hale,  H.  B.,  B.  0.  Hartman,  0.  A.  Harris,  R.  0.  Miranda,  and  E.  W.  Williams. 
PhvsIoloQlc  cost  of  orolonoed  double-crew  fllqhts  In  C-5  aircraft.  Aerosp. 
Med.  44:  999-1008,  1973. 

One  double  crew  was  studied  during  four  standardized  trans-oceanic 
flying  missions  In  C-5  aircraft  during  the  first  year  of  Its  use  by 
the  USAF  Military  Airlift  Command.  All  four  flights  went  from 
Delaware,  U.S.A.,  to  South  Vietnam  and  back,  and  each  Included  short 
stops  In  Alaska,  Japan,  and  Okinawa.  Urine  specimens  collected  at 
4-hr  Intervals  were  analyzed  for  epinephrine.,  norepinephrine, 
17-hydroxycort1costero1ds,  potassium,  sodium  urea,  and  creatinine.  In 
general,  the  results  confirm  and  extend  the  findings  for  a double  crew 
which  flew  long-duration  missions  In  C-141  aircraft.  Indicating  that 
physiologic  entrainment  remains  at  all  times  the  principal  determinant 
of  endocrine-metabolic  responsiveness  to  factors  In  the  flying 
environment.  Including  the  work  Itself.  Recovery  from  these  long 
missions  (average  duration  • 65  hrs)  Involved  differential  reversal 
among  the  flight-affected  endocrine-metabolic  functions. 

Extrapolations  of  postfllght  data  suggest  that  the  time  for  complete 
recovery  exceeded  the  fl Ight  time* 
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744. 

Ha1«.  H.  B.,  B.  0.  HartMii*  D.  A.  Harris,  E.  U.  Mil  Hans  R.  E.  Miranda,  and  J. 

N.  Hosenfald.  Tine  zone  entralrsnent  and  flight  stressors  as  Interactants. 

Aerosp.  Med.  43:  10B9-1094,  1972. 

Physiologic  responsiveness  to  flying  was  studied,  using  the 
wenbers  of  a double-crew  of  a C-141  aircraft  during  six  flights,  each 
of  which  lasted  54  hours  and  Involved  b1-  or  tr1-d1rect1onaT 
transnerldlan  flying.  Responsiveness  was  quantified  by  means  of 
endocrine-metabolic  Indices  (urinary  epinephrine,  norepinephrine, 
17-hydroxycort1costero1ds,  urea,  sodium  and  potassium),  using  urine 
specimens  which  were  collected  at  4-hour  Intervals  during  the  flights. 
Physiologic  entrainment  was  shown  to  be  a factor  contributing  to 
responsiveness,  for  there  was  rhythmic  variability  which  related  to 
time  of  day  at  the  crews'  home  base.  The  wave-forms,  amplitudes,  time 
relations  and  overall  levels,  however,  did  not  agree  with  those  of 
unstressed  persons.  Prefllght  factors  had  carryover  Influence,  acting 
as  Intensiflers  of  flight  Induced  elevations  at  first,  but  gradually 
becoming  less  Influential.  As  judged  by  epinephrine,  norepinephrine 
and  17-OHCS,  refractoriness  toward  fll^t  stressors  consistently 
developed  at  2200  hours  (Eastern  Standard  Time),  even  after  the  crew 
had  crossed  maqy  time  zones  (flying  either  eastward  or  westward). 

These  honnones  Indicated  hypor- responsiveness  was  shown  (by  these 
same  Indices)  to  be  moderate  In  grade.  Potasslue,  on  the  first  day. 
Indicated  low  responsiveness  at  2200  hours  and  transient 
hyper-responsiveness  at  0200  hours.  On  the  second  day.  In  association 
with  sustained  subjective  fatigue  of  moderate  degree,  potassium 
Indicated  persistent  noncycHc  hyper-responsiveness.  At  the  same  tisie 
17-OHCS  Indicated  persistent  hypor-responsiveness,  although  the  factor 
of  entrainment  had  modifying  Influence.  Urinary  sodium  Indicated 
cyclic  change  In  responsiveness  to  flight,  as  did  urea,  but  these  two 
metabolic  Indices  were  out  of  phase  with  the  honnones  and  potassium. 
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Hosenfeld,  and  B.  N.  Smith.  Physiologic  stress  during  50-hour  double-crew 

missions  In  C-141  aircraft.  Aerosp.  Med.  43:  293-299,  1972. 
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Hale,  H.  B.,  R.  C.  McNee,  J.  P.  Ellis,  R.  R.  Bollinger,  and  B.  0.  Hartman. 

Endocrine-metabolic  Indices  of  aircrew  workload:  an  analysis  across  studies. 

In:  Simulation  A Study  of  High  Moi^ load  Operations,  edited  by  A.  N. 

Nicholson.  NeullTy-sur-SeThelHATO,  Advisory  Group  for  Aerospace  Research  and 

Development,  AGARO-CP-146,  1974,  AlO-l  - AlO-6. 

Endocrine-metabolic  measures  have  been  used  at  the  USAF  School  of 
Aerospace  Medicine  In  a series  of  field  and  laboratory  studies 
performed  during  the  past  decade.  The  field  studies  Involved 
different  kinds  of  sillltary  aircraft  as  well  as  missions  of  varying 
nature  and  length.  Certain  aspects  were  studied  In  simulated  flights 
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conducted  under  laboratory  conditions.  The  data  accunulated  In  the 
ten-year  period  have  now  been  subjected  to  a cross-sectional  analysis 
In  an  effort  to  ascertain  the  basic  relation  of  endocrIne-Retabollc 
activity  to  the  workload  In  either  actual  or  simulated  flights.  For 
the  present  purpose,  lead  represents  degree  of  flight  difficulty 
multiplied  duration.  Difficulty  was  based  upon  USAF  expert 
rankings,  and  duration  was  based  upon  reactions  of  a day.  Multiple 
linear  regression  analysis  was  performed  on  data  for  urinary 
epinephrine,  noreplnepinrlne,  17-OHCS,  urea,  Na,  K,  and  the  Na/K 
ratio.  This  report  presents  the  findings  In  the  first  phase  of  the 
cross-sectional  study.  Definition  of  the  utility  of 
endocrine-metabolic  assessments  of  workload  In  the  flight  situation  Is 
expected  to  emerge  ultimately  from  additional  analyses. 
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Hale,  H.  B.,  U.  F.  Stem,  J.  W.  Goidzieher,  B.  0.  Hartman,  R.  E.  Miranda,  and 

J.  M.  Hosenfeld.  Physiological  cost  In  36-  and  48-hour  simulated  flights. 

Aerosp.  Med.  44:  871-881,  1973. 

Groups  of  young  heaHhy  men  were  studied  during  36-  and  48-hr 
simulated  flights  In  wlilch  they  performed  on  psychomotor  measuring 
devices,  using  a 2-hour  work /rest  schedule.  Physiologic  cost  was 
assessed  by  use  of  a battery  of  urinary  techniques.  Including 
potassium,  sodium,  urea,  17-OHCS,  and,  In  some  cases.  Individual 
17-ketostero1ds.  Comparison  was  made  of  responses  to  (a) 
uncomplicated  flight,  (b)  flight  complicated  by  environmental 
dryness,  (c)  flight  complicated  by  8,000-ft  pressure  altitude,  and 
(d)  flight  complicated  by  dryness  and  altitude.  The  prolonged 
psychomotor  effort  (and  attendant  sleep  deprivation)  acted  av  a 
nonspecific  stressor.  Altitude  had  Intensifying  Influence,  but 
dryness  tended  to  conteract  some  phases  of  the  stress  response.  In 
combination  altitude  and  dryness  In  certain  physiologic  respects  acted 
In  a depressant  manner.  Completed  recovery  from  such  prolonged  effort 
required  more  than  2 days. 
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Hall,  D.  A.,  R.  F.  Townsend,  and  J.  Knippa.  Stress,  fatigue,  and  work-rest 
cycles  associated  with  deep  submergence  rescue  vehicle  fly-away  evolution. 
Naval  Health  Research  Ctr..  1979,  16  p. 

To  obtain  Information  on  stress,  fatigue,  and  work-rest  cycles  of 
both  submersible  operators  and  surface  support  crew  members  during  an 
actual  submarine  rescue  fly-away  mission,  six  operators  and  seven 
surface  support  personnel  (SSP)  were  monitored  during  the  conduct  of  a 
six  day  trial  open-sea  submarine  reserve  evolution  using  the  Deep 
Submergence  Rescure  Vehicle  (DSRV),  "Mystic".  Operators  and  crew 
members  lived  aboard  the  mother  su^rlne  which  carried  the  DSPV  from 
port  to  the  site  of  the  downed  submarine  and  return.  Omaographic 
Infoimatlon,  psychological  measures,  perfonaance  measures,  and 
environmental  data  were  obtained  during  pre-deployment,  transit-out, 
at  dive  site,  and  transit-ln  periods.  The  overall  results  suggested 
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that  a OSRV  mission  of  the  present  duration  and  difficulty  can  be 
accomplished  without  exceeding  the  capabilities  of  the  crew  and 
support  personnel.  The  trend  of  the  changes  does»  however,  suggest 
that  misslont  of  longer  duration  may  reguire  scheduling  of  regular 
sleep  periods  fdr  personnel  to  maintain  perfonaance. 
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Hamilton,  P.,  R*  T*  Wilkinson,  and  R^  S.  Edwards.  A stu^y  of  four  days 
partial  sleep  deprivation.  In:  AspecU  of  human  efficiency:  Diurnal  rhythm 
and  loss  of  sleep. (Proceedings  of'  ine  Sjmposlum,  Strasbourg,  Fr.  19>0],  kited  by 
(TF.nCofqufibun.  London:  English  Univ.  Press,  1972,  pp.  101-113. 

Investigation  of  the  effects  of  cumulative  partial  sleep 
deprivation  over  a period  of  four  days,  and  discussion  of  the 
Implications  of  the  findings  both  for  general  theories  of  human 
Information  processing  and  for  hypotheses  concerning  the  effects  of 
sleep  deprivation.  Under  the  described  experimental  procedure 
vigilance,  routine-addition,  and  running  digit  span  tests  were 
administered  to  three  groups  o:'  enlisted  men.  The  obtained  results 
are  presented  In  diagrams,  and  the  significance  of  the  levels  of 
comparisons  between  each  sleep  ration  on  each  day  and  for  all  four  days 
Is  reviewed. 


750. 
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Harkness,  R.  A.  Variations  In  testosterone  excretion  by  man.  In:  Biorhythms 

and  Human  Reproduction,  edited  by  H.  Ferin,  F.  Halberg,  R.  H.  Richart,  and  R. 

UTVandewlele  hew  York:  John  W11  ay,  1974,  pp.  469-478. 

Twelve  serial  studies  of  testosterone  secretion  from  nine  normal 
men  lasting  from  10-45  days  revealed  two  groups  of  principal  rhythms, 
one  group  with  an  average  period  length  of  3-5  days  and  another  group 
of  12-18  days  period  length. 


752. 

Hamer,  R.  N.  Neural  control  of  circadian  rhythms.  In:  Chronob1olo<y. 
edited  by  L.  E.  Scheving,  F.  Halberg,  and  J.  E.  Pauly.  Tokyo:  Igaku  ^oln 
Ltd.,  1974,  pp.  551-554. 
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Harper,  C.  R. , and  G.  Kidera.  Aviator  perfonaance  and  the  use  of  hypnotic 
drugs.  Aerosp.  Hed.  43:  197-199,  1972. 
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Harper,  C.  R. , and  G.  J.  Kidera.  Hypoglycemia  In  airline  pilots.  Aerosp. 
Med.  44:  769-771,  1973.  
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756. 

Harris,  0.  A.,  6.  V.  PegrM,  and  B.  0.  Hartmn.  Parfoimanca  and  fatigue  In 
expeiiiiental  double-crew  transport  Missions.  Aerosp.  Med.  42:  9B0-986,  1971. 

Six  experlMental  transport  missions  using  a double  crew  were  flown 
In  a C-141  on  routes  generating  various  combinations  of  long  and  short 
legs.  Crews  followed  a 4/4  of  16/16  work/rest  schedule  wItMn 
operation  constrains.  On-board  crew-rest  facilities  were  provided  so 
that  the  planecould  fly  through  the  airlift  system  without  crew 
changes  or  crew  delays*  The  missions  required  approxlmaely  55-60 
hours  to  complete,  ^e  f1**1ng  time  averaged  around  43  hours.  Crew 
performance  was  evaluated  by  ratings  made  by  on  on-board  flight 
examiner.  There  were  no  significant  differences  In  flight  examiner 
ratings.  Subjective  fatigue  was  measured  by  e rating  scale.  There 
were  not  significant  differences  relates  to  woric/rest  cycles.  There 
were  significant  differences  related  to  mission  profile  and  crew 
position.  Sleep  CEGs  were  recorded  on  the  two  navigators  and  were 
supplemented  by  self-reports  from  all  crewmembers.  There  was  a marked 
reduction  In  total  sleep  as  well  as  stage  1-REM  and  deep  sleep. 

Findings  are  discussed  In  relation  to  the  demands  of  flying  transport 
missions. 
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Harris,  M.,  Fatigue,  circadian  rhythm  and  truck  accidents.  In:  Vigilance: 

Theory.  Operational  Performance,  and  Physiological  Correlates,  edited  by  R.  R. 

Hackle,  Nm  fork:  Plenum  Press,  1977,  pp.  ij4-ieo. 
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Harris,  W.,  and  J.  F.  O'Hanlon.  A Study  of  *^sc<)very  Functions  In  Man.  U.S. 

Amy  Human  Engineering  Laboratory  Teen.  MSm>.  Ho.  io-727  S5nla“Fe75ara 

Research  Park,  CA.:  Human  Factors  Research,  Inc.,  1972. 
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Harrison,  E.  A.  Stress  Factors  on  Pilot  Performance  (A  Bibliography  with 

Abstracts ) . Govenment  Reports  Announcements  (report  No. 

NTIS/PS-77/1160/9GA),  197^  168  pp. 

The  selKted  abstracts  of  research  reports  cover  acceleration, 
circadian  rhythms,  physiology,  psychology,  neurol>'>v>  man-machine 
systems,  high  altitude  effects,  noise  effects,  and  vibration  effects 
as  related  to  stress  factors  on  pilot  performance.  (This  updated 
bibliography  contains  163  abstracts,  31  of  which  are  new  entries  to 
the  previous  edition). 
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Hartlcsy,  L.  R.  A conparlson  of  continuous  and  distributed  reduced  sleep 
schedules.  Quart.  J.  Exp.  Psychol . 26:  8-14,  1974. 

After  a night  of  normal  sleep,  36  subjects  were  divided  Into  three 
groups  of  12.  One  groups  was  allowed  to  continue  sleeping  normally, 
one  group  had  four  hours  continuous  sleep  and  the  third  group  had 
three  80-m1n.  periods  of  sleep  distributed  throughout  the  24-h  period, 
for  the  next  four  deys.  Subjects  were  given  a visual  vigilance  test 
on  each  dey.  Overall  performance  was  rather  better  following 
distributed  thatn  following  continuous  reduced  sleep,  but  rather  worse 
than  following  8 h of  sleep.  The  main  difference  between  the  reduced 
sleep  Vifups  was  In  their  decision  criterion.  It  was  suggested  that 
this  d)' Terence  mainly  reflected  the  difference  In  time  since  the  two 
groups  had  last  slept. 
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Environments.  Neuilly-sur-Seine:  MaYO,  Advisory  firoup  for  Aerospace  Research 
and  Development,  AGARD-CP-181,  1976,  88  pp. 
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Subjective  fatigue  and  oral  temperature  were  used  as  biomedical 
Indices  In  a stu4y  in  which  two  C«5  jet  transport  crews  alternately 
operated  the  aircraft.  Data  collected  at  4«h  Intervals  during  and 
following  four  66-h  missions  (each  a roundtrip  Inter-contontinental 
flight)  clearly  established  that  a.  these  dissimilar  functions  were 
rhythmic  and  b.  flight  factors  exerted 

modifying  Influence  on  both  rhythms.  Particularly  significant  was  the 
finding  that  subjective  fatigue  on  the  average  showed  a.  Initial 
latency » b.  an  Intensification  phase,  and  c.  a reversal  phase.  The 
finding  that  subjective  fatigue  on  the  average  showed  a.  Initial 
latency,  b.  an  Intensification  phase,  and  c.  a reversal  phase.  The 
last  phase  apparently  represents  a state  In  which  there  Is 
endocrine-metabolic  and  sympathetic  nervous  system  hyperactivity 
(compensation).  Oral  temperature  and  subjective  fatigue  responses  to 
prolonged  flight  tended  to  run  parallel  courses*  Recovery  rates  for 
subjective  fatigue  and  oral  temperature  tended  to  be  similar,  and  at 
least  3 d were  needed  for  elimination  of  residual  flight  effects. 
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Vigilance  performance,  waking  EEG  patterns  and  mood  were  studied 
before  and  after  one  night  of  sleep  deprivation  In  normal  males.  The 
effects  of  of  d-amphetamlne  10  mg,  l-amphetam1ne  10  mg  and  placebo  on 
these  measures  were  compared.  Changes  were  found  In  all  three 
measures  after  one  night  of  sleep-deprivation.  d-Amphetamlne  was  more 
powerful  than  l-amphetam1ne  In  reversing  sleep  deprivation  effects  on 
vigilance  and  on  waking  EEG. 
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Hartmann,  E.,  and  W.  C.  Stern.  Desynchronized  sleep  deprivation:  learning 
deficit  and  Its  reversal  by  Increased  catecholamines.  Physiol.  Behav.  8: 
585-587,  1972. 

Four  days  of  desynchronized  sleep  (OP)  deprivation  (Island 
technique)  produced  a significant  deficit  In  subsequent  acquisition 
of  an  active  avoidance  task  In  the  rat.  Four  days  of  repeated  stress 
resulting  In  similar  adrenal  and  thymus  changes  had  no  effect  on 
acquisition.  L-dopa  200  mg/kg  In  normals  produced  a signficant 
deficit  In  acquisiton,  bu  L-dopa  after  four  days  of  0-depr1vat1on 
results  In  normal  acquisition.  (Thus  L-dopa  reversed  the  learning 
deficits  produced  by  0-depr1vat1on,  an  effect  we  have  shown 
previously  for  MAO  Inhibitors  and  Imiprimlne.) 

Alpha-methyl paratyrosine  also  produced  a deficit  In  avoidance 
acquisition,  and  L-dopa  signficantly  reduced  this  deficit,  suggesting 
that  the  catecholamine  Increase  produced  by  L-dopa  Is  Involved.  We 
suggest  that  0-depr1vat1on  produces  defects  In  the  functioning  of 
central  catechol  ami nergic  neuronal  systems,  and  that  the  defects  are 
reversible  by  Increasing  the  availability  of  catecholamines. 
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Circadian  rhythms  of  temperature  and  performance  were  studied  In  8 
students  In  3-hour-1ntervals  during  periods  of  24  hours  after  a Jet 
flight  from  Germany  to  USA  and  vice  versa  with  a stay  of  24  hours  In 
the  USA.  Two  24-hour  prefl Ight  periods  revealed  the  basic  normal 
dally  rhythm  of  temperature  and  performance.  The  effects  of  a 6 hour 
time  shift  after  the  24-hour  stay  In  the  USA  were  evaluated  by 
determining  temperature  and  performance  parameters  on  day  1,  3,  and  5 
following  the  flights.  A considerable  desynchronization  with  the 
local  time  was  observed  after  flights.  The  resynchronizatlon-tiroe 
amounted  up  to  3-5  days  In  Germany  afterwards. 
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1979.  

Eight-eight  3-sh1ft  workers  and  64  workers,  who  had  given  up 
night-shift  because  of  health  reasons,  filled  out  a new  German 
morningness-eveningness  questionnaire,  which  gives  a score  for  the 
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subjective  phase  position  (SCP)  and  for  the  stability  of  circadian 
phases  (PSCh.  Both  groups  of  subjects  were  coaiparable  In  age,  family 
circumstances,  and  housing  standards.  Three*sh1ft  workers  gave 
significant  higher  rating  for  the  SCP  and  the  PSCP.  There  was  only  a 
tendency  for  higher  scores  In  extroversion,  but  a signficant  lower 
score  for  neutroticl sm.  No  differences  were  found  for  “neurotic" 
Introverts  and  “neurotic*  extroverts.  These  sub-groups  did  not 
corresond  to  morningness-eveningness  as  suggested  by  Colquhoun  and 
Folkard  (1978).  It  Is  concluded,  the  morning-types  are  less  tolerant 
to  shiftwork  than  evening-types. 
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Symposium,  edited  by  R*  6*  Rentes  and  R..  n.  Shepard,  DHEVl  Publication  No 
(nIoSH)  76-203.  Washington  O.C.;  U.S<  Government  Printing  Office,  Department 
of  Health,  Education,  and  Welfare,  1976,  pp.  87-117. 
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Haus,  E. , and  F.  Halberg.  Phase- shifting  of  circadian  rhythms  In  rectal 
temperature,  serum  corticosterone  and  liver  glycogen  of  the  male  C-mouse. 

Rass.  Neurol . Veg.  23;  83-112,  1969. 

This  phase-shift  of  the  circadian  rhythms  of  rectal  temperature, 
serum  corticosterone  and  1 Iver  glycogen  concentration  after  a 18CP 
shift  In  synchronizer  schedule  (L0i9*i2;  180^  phase  shift  from  D 
0600-1800,  D 1800-0600  to  L 180O-OMO,  0 0600-1800)  Is  evaluated  In  two 
experiments  on  a total  of  2052  Inbred  male  C-mIce. 

Differences  In  shift  time  are  found  by  Inferential  statistical 
methods  as  a function  of  exprimental  technique— and  under  certain 
experimental  techniques  and  experimental  conditions  as  a function  of 
the  synchronizer  manipulation  I.e.,  the  modification  of  single  spans 
of  light  or  darkness. 

The  time  course  of  the  phase  shift  of  the  circadian  rhythms 
studied  apparently  Involves  changes  In  rate  of  adjustment  to  a new 
schedule.  Rather  than  occurring  necessarily  with  a uniform  “speed", 
slow  and  fast  stages  alternate  throughout  the  time  span  of  phase 
adjustment  In  a fashion  which  apparently  Is  characteristic  for  each 
rhythmic  physiologic  function  studied. 
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Haus,  E. , and  F.  Halberg.  Circannual  rhythm  In  level  and  timing  of  serum 
corticosterone  in  standardized  Inbred  mature  c-mIce.  Environ.  Res.  3: 
81-106,  1970. 

Circannual  variations  In  serum  corticosterone  levels  In  Balb/C 
mice  are  demonstrated  In  pooled  data  of  profiles  Involving  at  least  6 
time  points  of  sampling  per  24-hour  span.  High  values  are  found 
during  the  winter  months  and  low  values  In  late  spring  and  summer. 
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Cosinor  analysis  of  the  circadian  rhythm  of  serum  corticosterone 
during  different  times  of  the  year  shows  a change  In  the  circadian 
acrophase  (crest)  from  about  43°  In  February  to  950  In  Hay.  This 
change  Is  evident  after  a seven-day  standardization  span  at  relatively 
constant  temperatures  and  regimen  of  LDi2:l2  with  light  from  06(X) 
to  1800  (for  mice  kept  previously  under  largely  natural  lighting 
conditions).  This  circannual  variation  In  circadian  acrophase  Is 
compared  with  the  time  required  for  phase  shift  after  an  abrupt  change 
In  lighting  regimen:  after  a 180O  shift  of  the  llghtina  regimen,  the 
change  In  the  serum  corticosterone  acrophase  reaches  45®  In  less  than 
three  days,  over  100®  In  4 days  and  almost  a full  180”  In  7 days. 
Therefore,  the  circannual  variation  In  circadian  system  phase  of  the 
adrenal  cycle  shown  In  this  study  cannot  be  regarded  as  an  Incomplete 
phase  shift  such  as  occurs  shortly  after  an  abrupt  shift  of  the 
lighting  regimen.  The  underlying  mechanisms  of  this  presumably  partly 
Intrinsic  circannual  biorhythm  await  further  stu((/. 
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flight.  Aerosp.  Med.  73:  1257-1262,  1966. 
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Rhythm  and  Loss  of  ^ee^  (Proceedings  of  the  ^mposlum,  Strasbourg,  Fr.  1970) . 
tdited  by  W.P.  Colquhoun.  London:  English  Univ.  Press,  1972,  pp.  59-73. 

Phase  shifts  of  the  human  circadian  system  and  performance 
deficits  during  periods  of  transition  were  Investigated  experimentally 
for  east-west  and  west-east  transitions.  In  these  studies, 
psychological  and  physiological  functions  were  assessed  at  periodic 
Intervals  for  two  or  four  alternate  days  throughout  the  accustomed 
waking  day,  to  provide  a base  of  reference,  whereupon  the  subjects 
were  transported  by  Jet  aircraft  across  7-10  time  zones  to 
destinations  where  they  remained  for  8-12  days,  during  which  they  were 
subjected  to  the  same  test  schedule,  which  was  repeated  for  a last 
time  after  their  return  to  the  origin  of  the  flight.  The  obtained 
results  Indicate,  In  essence,  that  phase  shifts  of  the  various 
physiological  functions  occurred  at  greatly  differing  rates  and  that 
the  psychological  functions  were  only  minimally  affected  and,  relative 
to  tw  time  lags  of  the  phslological  phase  shifts,  for  an  exceedingly 
short  duration  only. 
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Hauty,  G.  T.,  and  F.  L.  Smith.  Psychological  torrelates  of  Physiological 
Circadian  Periodicity.  Washington*  D.C.:  Office  of  NavaT~Research,  N7'l >23281, 
T57V,  1T“ pp. 

Numerous  psychological  and  physiological  assessments  were  made  on 
adult  male,  human  subjects  five  times  a day  at  four-hour  intervals 
beginning  at  0700  hours.  Except  for  these  periods  of  assessment 
(approx.  30  minutes  duration)  no  other  change  was  imposed  upon  their 
accustomed  daily  routine  of  activity  nor  upon  their  habits  of  sleep. 
Circadian  periodicity  was  found  to  be  clearly  manifested  by 
physiological  functions;  however,  little  or  no  corresponding 
periodicity  was  demonstrated  by  the  psychological  functions  assessed. 
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Hauty,  G.  T..  D.  K.  Trites,  and  W.  J.  Berkley.  Freguency  of  Shift  Rotation  at 

Air  Traffic  Control  Facilities  and  Incidence  of  Stress-related  Symptoms. 

Washington,  O.C.:  F.A.A.,  1965,  7 pp. 

From  six  enroute  and  six  terminal  air  traffic  control  facilities 
selected  on  the  basis  of  differences  between  shift  rotation  schedules 
and  high  traffic  volume,  300  Journeymen  and  assistant  controllers  were 
selected  as  volunteer  subjects  to  complete  a biomedical  inventory 
daily  for  a period  of  90  consecutive  days.  The  inventory  elicited 
information  relating  to  health,  morale,  behavioral  habits,  and  side 
effects  of  medications.  Of  the  300  subjects,  209  fulfilled  the 
reporting  requirements  of  the  90  days.  For  one  of  the  indices  of 
information— stress-related  symptoms— analyses  of  the  data  revealed 
that:  (1)  facilities  did  differ  to  a statistically  significant  degree 
in  the  incidence  of  reported  symptoms  but  these  differences  could  not 
be  attributed  to  shift  rotation  schedules  and  (2)  eight  hours  or  less 
between  two  successive  shifts  occasioned  the  highest  incidence  of 
reported  symptoms  and  more  than  24  hours  between  shifts  the  next 
highest. 
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Haward,  L.  R.  C.  Emotional  stress  and  flying  efficiency.  In:  Higher  Mental 
Functioning  in  Operati onal  E nyi ronments , edited  by  B.  0.  Hartman. 
Neuil1y-sur-??ine:  NATb,  Advisory  Group  for  Aerospace  Research  and 
Development,  AGARD-CP-181,  1976,  pp.  C8-1  - C8-5. 

A comparative  study  of  the  effects  of  "emotional"  and 
"intellectual"  stress  upon  flying  performance  is  described.  Ten 
pilots  with  self-confessed  emotional  problems  but  certified  medically 
fit  to  fly  were  matched  approximately  for  age  and  flying  experience 
with  ten  pilots  confessing  to  no  emotional  problems.  Emotional  stress 
was  induced  by  a clinical  abreactive  technique  and  measured  in  terms  of 

psychophysiological  concomitants.  Intellectual  stress  was  induced  by 
the  PASAT  technique  which  is  an  automated  numerical  task  designed  to 


produce  nentel  overload.  Flying  skill  was  measured  In  the  presence 
and  absence  of  both  types  of  stress  separately  by  means  of  a 
cross-over  design,  using  especially  modified  04  Link  Trainer.  The 
results  show  significantly  differences  In  flying  performance  between 
the  two  groups  and  the  two  types  of  stress.  It  Is  demonstrated  that 
"Intellgctuar  stress  produces  Impaired  flying  skill  which  Is 
predictable  both  In  degree  and  duration  whereas  "emotional*  stress 
produces  substantially  more  severe  but  fluctuating  degress  of 
Impalment  of  unpredictable  duration.  The  use  of  psychometric 
technique  using  personnel  keywords  and  physiological  monitoring 
clearly  differentiates  the  two  groups  of  pilots  and  Indicates  the 
orgin  of  anotlonal  stress.  Its  possible  use  for  screening  aircraft 
captains  before  Important  missions  Is  examined. 
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Hawkins,  F.  Sleep  In  the  long-range  aviation  environment.  Shell  Aviation 
News  434:  8-16,  1976, 
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Hawkins,  F.  H.  Sleep  and  Body  Rhythm  Disturbance  In  Long-Range  Aviation.  F. 
H.  Hawkins,  P.  0.  Box  No.  7^5/7,  Schiphol  Airport  “Tc),  Holland,  ld78,  90  pp. 
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Hawkins,  L.  H.  Circadian  rhythms  and  shiftworking.  Occup.  Health  32;  86-90, 
1980. 
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Hawkins,  L.  H.,  and  C.  A.  Armstrong-Esther.  Circadian  rhythms  and  night  shift 
working  In  nurses.  Nursing  Times  734:  49-52,  1978. 

791. 

Hawkins,  L.  H..  and  T.  Barker.  Air  Ions  and  human  performance.  Ergonomics 
21:  273-278,  1978. 
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Hayes,  D.  K.  , S.  Baylls,  K.  J.  Lee,  and  F.  Halberg.  Codling  moth  development 
and  aging  In  different  lighting  regimens.  Chronoblologla  4;  118,  1977. 

We  Investigated  In  each  of  an  Insect's  growth  stages  (larva,  pupa 
and  adult)  whether  the  manipulation  of  schedules,  I.e. , of  lighting 
regimens  affects  an  Insect's  development  and  longevity.  Apples 
containing  6-day-old  codling  moth  larvae,  Laspeyresla  pynonejla  L., 
were  placed  In  biological  oxygen  demand  (Bdb)  boxes  in  1 gallon  glass 
Jars  covered  with  cheesecloth.  Larvae  exiting  from  the  apples  were 
placed  In  polystyrene  Petri  dishes  and  held  until  they  pupated, 
emerged  as  adults  and  died.  Time  until  death  was  recorded  for  each 
Insect.  The  temperature  In  the  boxes  was  maintained  at  25±1.50C, 
relative  humidity  was  60±5t.  Each  box  was  equipped  with  14  W cool 
white  fluorescent  light  tubes:  24-h  timers  were  used  to  adjust  time 
schedules.  A control  groups  of  Insects  (no.  1)  was  a fixed  schedule 
of  light  of  16  h alternating  with  darkness  for  8 h.  A 90^  delay  was 
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achieved  by  lengthening  the  photofraction  to  22  h,  every  3rd,  4th, 
Sth,  6th  or  7th  for  groups  2,  3,  4,  5 and  6,  respectively*  Tvo 
added  groups  i«ere  kept  In  continuous  light  (7)  or  continuous  darkness 
(8).  For  each  groivth  stage  a cuaiulative  number  of  deaths  for 
consecutive  days,  during  the  total  span  of  43  days,  from  2-16>1977  to 
3-31-1977  was  obtained  on  each  of  the  8 different  lighting  regimens. 
Data  were  analyzed  separately  for  each  stage  and  for  the  whole  study 
as  soon  as  one  half  of  the  Insects  In  the  control  grup  had  died.  In 
the  span  being  analyzed.  The  cumulative  numbers  of  dead  and  live 
Insects  on  this  date  were  then  tabulated  for  each  lighting  regimens* 
The  total  number  of  observations  was  taken  to  be  the  actual  number  of 
deaths  at  the  end  of  the  span  analyzed.  A contingency  table  was  thus 
constructed  and  a X2  test  applied  to  test  the  null  hypothesis  that 
the  proportions  of  dead  and  surviving  Insects  on  the  I lighting 
regimens  were  equal*  This  test  revealed  a difference  si gnf leant  at 
the  St  level  for  the  case  of  teaths  analyzed  separately  for  the  larvae 
and  for  the  adults  and  also  for  the  pooled  data,  but  It  failed  to 
Indicate  statistical  significance  for  the  case  of  the  pupae  analyzed 
separately.  Mortality  was  highest  on  the  **Sth  day  shift"  regimen 

(p< 0.001). 
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Hayes,  0.  K.,  L.  Cadotte,  J*  Halberg,  E.  Radha,  and  F.  Halberg*  Longevity 
studies  of  mice,  rats,  and  colding  moths  on  simulated  shift-schedules.  Proc. 
Minn.  Acad.  Scl*.  1978,  p.  21. 

In  simulating  shiftwork,  age  at  Institution  of  synchronizer 
shifts,  varying  frequencies  of  shifts  and  directions  (advances  versus 
delays)  Instituted  for  mice,  codling  moths  and  rats,  all  affect 
longevity  or  mesorhypertenslon.  30  BALB/c  female  mice,  retired 
breeders  17  months  old,  were  housed  5/cage  with  food  and  water  freely 
available,  10  on  a fixed  regimen  of  light  and  darkness  alternating  at 
12-h  Intervals,  the  others  on  shifts  of  this  regimen  Instituted  as 
advances  of  6 h (+90®)  for  10  mice  every  3 day,  for  another  10  every  6 
days.  These  shift  schedules  were  continued  for  35  wks.  Survival 
times  differed  between  the  20  mice  all  shifted  late  In  life  and 
controls  (t»1.90;  P <.05,  l-ta11).  Schedules  may  be  optimized  In 
several  animal  species  (In  terms  of  life  duration  and  quality)  and 
perhaps  In  human  beings. 


794. 

Hayes,  0.  K.,  and  B*  M*  Cawley.  Phase  shifting  and  life  span  In  the  codling 
moth,  Laspeyrisla  pomenella.  In:  Aging  and  Biological  Rhythms,  edited  by  H. 
V.  Samis  and  S.  tapoblanco.  New  York:  Plenum  press,  iv/o,  p.  v7-99. 


795. 

Haywood,  K.  M.  Skill  performance  on  biorhythm  theory's  physically  critical 
day.  Percept.  Mot.  Skills  48:  373-374,  1979. 

The  archery  performance  of  6 women  and  11  men,  unaware  of  supposed 
biorhythm-performance  relationships,  were  recorded  once/week  for  10-29 
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weeks  and  compeared  to  biorhythm  physical  critical  d^ys.  The  sample 
proportion  of  performances  above  average  was  not  significantly 
different  from  the  population  proportion.  On  two  Instances  of  "double 
critical"  and  one  "triple  critical"  day,  the  archers  shot  above 
average.  Note  that  Thommen  (Is  This  Your  Day?,  Crown  Publishers,  New 
York,  p.  9S)  reports  that  9/11  no-hit  pitching  performances  occurred 
on  critical  days,  although  In  general  biorhythm  theory  predicts  poor 
or  accident  prone  performance  on  critical  days  and  many  examples  are 
given  to  support  this  claim.  Thommen  rationalizes  this  apparent 
Inconsistency  by  claiming  the  pitchers  were  "charged  up"  and  disregard 
caution,  which  resulted  In  superior  performance. 


796. 

Hecht,  K.  and  M.  Poppel.  Chronomedizinische  Aspekte  der  Psychonerval en  und 
Physischen  Lelstungsfahlgkelt  (Chronomedical  aspects  of  psychoneural  and 
physical  performance  capacity).  Med.  Sport  17;  377-386,  1977. 

797. 

Heckert,  H.  Entwicklung,  Grundlagen  and  Aussagewert  der  Lehre  elner  endogenen 
sogenannten  "Blorythmic"  (Development,  foundation  and  stated  value  of  the 
theory  of  the  endogenous  so-called  "biorhythmic").  In:  Proceeding  of  the 
Socle^  for  Biological  Rhythm,  7th  Conference,  Siena,  Italy,  edited  by  G. 

Del r Aqua,  A*  Jores,  A.  cimniggla  and  A.  Sollberger,  Turin:  Panminerva 
Medica,  p.  70,  1962. 

798. 

Hegge,  F.  W.  Biorhythm  Studies  In  Drug  Abuse.  MDRC  Walter  Reed  Amy 
Institute  of  Research,  July  1973. 

This  reference  Is  to  an  unpublished  study  being  conducted  by  the 
Walter  Reed  Army  Institute  of  Research  on  biorhythms  and  drug  abuse, 
using  time  series  analysis  of  physiological  and  behavioral  data. 


799. 

Helmers,  C.  Is  pseudoscience  done  by  computer  pseudo-computer-science?  Byte 
4:  6,8,10,  Nov.,  1979. 

This  editorial  states  that  BYTE  magazine,  a popular  computer 
periodical,  refuses  to  publish  articles  dealing  with  biorhythm  theory 
since  there  Is  a oeneral  belief  that  If  a computer  program  exists, 
that  Its  computations  are  a valid  representation  or  model  of  the  real 
world,  which  the  author  claims  blorhytNa  theory  1$  not.  He  maintains 
the  biorhythm  constants  (23,  28,  33  day  cycles)  do  not  reflect  the 
non- Integral  nature  of  biological  constants  and  that  biorhythm 
proponents  Ignore  contrary  data  and  purport  that  Its  premises  describe 
and  predict  reality.  He  sugpests  Instead,  that  data  be  collected  over 
several  hundred  dqys  and  analyzed  by  Fourier  analysis  to  Isolate 
periodic  effects. 
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800. 

Hendrick,  H.  W.,  and  H,  E.  Jones.  Physiological  blorhytha  as  a correlate  of 
p11  ot  error  and  accidents.  Proceedings  iht  Annual  Meeting  sat  Ihft  Human 
Factors  Society.  22nd,  Detroit,  Michigan,  1978,  pp.  498-501. 

Aircraft  accidents  and  Incidents  attributed  to  pilot  error  were 
hypothesized  to  have  occurred  while  the  pilot  was  In  a critical  phase 
for  one  or  more  biorhythms.  From  screening  accident  and  Incident 
reports  for  a large  military  unit,  two  groups  of  25  pilots  who  had 
been  Involved  In  pilot  error  accidents  and  one  group  of  50  pilots  who 
had  been  Involved  In  pilot  error  Incidents  were  Identified.  13  of  the 
accident  validation  group  and  12  of  the  cross  validation  group  were 
found  to  have  been  In  a critical  physiological  phase  at  the  time  of 
accident,  or  twice  the  number  expected  by  chance.  For  the  Incident 
group,  20  of  the  50  pilots  were  In  a critical  physiological  phase  at 
the  time  of  Incident.  Results  for  all  three  groups  exceeded  chance  at 
the  0.25  level.  Results  for  emotional  and  Intellectual  biorhythms, 
found  for  double  critical  phases  were  found  not  significant. 


801 

Herbert,  N.  Performance  measures  In  varied  sleep  patterns.  In:  Memory, 

Environment.  Epilepsy.  Sleep  Staging,  edited  ty  M.  P.  Koella  and  P.  Leum.  New 

Yort;  Karger  Press,  1977,  pp.  9f-95. 

802. 

Herrero  Aldama,  P.  Fatiga  de  vuelo.  Datos  neurofislologicos  de  Interes 

diagnostico.  (Flight  fatigue.  Neurophysiological  data  of  diagonostic 

Interest.)  Arch.  Neurroblol.  40:  197-216,  1977. 

803. 

Hersey.  R.  B.  Periodic  emotional  changes  In  male  workers.  Personnel  J.  7: 

459-464,  1929.  

This  Is  a preliminary  report  to  Hersey's  1931  study  (J.  Mental  Scl. 

77:  151-169).  Dally  measures  of  overt  behavior,  emotional  behavior, 
dominant  trends  of  thought,  blood  pressure,  hours  of  sleep,  weight, 
and  fatigue  were  recorded  dally  In  17  workers  by  an  observer 
throughout  several  months  to  a years.  Periodic  cycles  ranging  from 
3-9  weeks  were  found  with  variation  of  a week  or  less  In  a given 
Individual.  Note:  Hersey's  studies  have  been  often  cited  by 
biorhythm  proponents  as  evidence  for  the  33-day  Intellectual 
biorhythm.  However,  Hersey  states  In  this  paper  "this  cyclical 
movement  varied  characteristically  for  each  man  In  regard  to  length, 
amplitude  and  nature  of  the  emotional  and  objective  changes  Involved" 
which  certainly  does  not  coincide  with  the  biorhythm  period  constancy 
hypothesis. 

804. 

Hersey,  R.  6.  Emotional  cycles  In  man.  J.  Mental  Scl  ♦ 77:  151-i69,  1931  . 
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In  this  stu<1y  25  Industrial  Morkcrs  Mere  given  a mood  evaluation 
by  means  of  an  oral  Interview  4 t1mes/d«y  for  several  months  to  a 
year.  Cycles  were  found  In  mood  state  data  from  weekly  averages  and 
period  lengths  were  determined  by  visual  Inspection.  Period  lengths 
range  from  4*9  weeks  (28-63  dgys;  among  Individuals  and  cycle  lengths 
varied  within  7 dgys  of  a given  Individuals  average  period  length. 

The  cycles  of  different  workers  were  not  In  phase.  Note:  The  average 
cycle  length  In  this  stu^t  cited  as  33-36  dgys,  has  been  presented  as 
evidence  for  the  33  dgy  biorhythm  Intellectual  cycle  by  biorhythm 
proponents  (Thommen  1973,  Is  This  Your  Day?,  Crown,  New  York; 

Gittelson,  1977,  Biorhythm.  A Personal  Science,  Arco,  New  York;  and 
Tatal,  1977,  Biorhythm  for  Health  Design,  Japan  Publ.,  Tokyo). 

However,  analysis  of  this  paper  reveals  a mean  cycle  period  of  35.7 
days  with  a standard  deviation  of  10.6  doys,  a considerably  larger 
variability  than  that  expressed  by  Thommen  et  a1.  Perlodogram 
analysis  of  data  extracted  from  a graph  containing  67  consecutive 
weeks  of  mood  data  revealed  a mean  period  of  6.1  weeks  (43  dgys).  In 
close  agreement  with  Hersey's  estimate  of  6 weeks.  Thus  Hersey’s 
period  estimates  appear  reasonably  accurate  despite  the  lack  of 
periodicity  analysis.  The  variability  observed  In  these  periods 
violates  the  biorhythm  theory  axiom  of  Invariant  period  length.  Also, 
from  biorhythm  theory,  mood  states  should  be  associated  with  the  28 
day  or  emotional  biorhythm  rather  than  the  33  day  cycle.  Gittelson 
attempts  to  resolve  this  Inconsistency  by  claiming  that  the  Interviews 
given  In  this  study  Involved  an  Intellectual  rather  than  emotional 
process.  Gittelson  also  quotes  FI  less  as  stating  that  measured 
physiological  cycles  (menstrual  cycle)  represent  the  Interaction 
between  the  23  and  28  day  biorhythm  cycles.  However,  this 
rationalization  makes  It  Impossible  to  rigorously  test  the  biorhythm 
theory  since  ai\y  deviation  from  biorhythm  periods  could  be  Justified 
In  this  manner. 

805. 

Hetherington,  N.  N.,  L.$  . Rosenblatt,  E.  A.  Higgins,  and  C.  M.  Ninget. 
Quantification  of  the  rates  of  reschronizatlon  of  heart  rate  with  body 
temperature  rhythms  In  man  following  a photoperiod  shift.  In:  International 
Congress  on  Aviation  and  Space  Medicine.  2ist,  Munich,  Nest  Germapy, 
Preprints,  1§)J,  pp.  ISr-SS." 


A mathematical  model  previously  presented  by  Rosenblatt  et  al. 
(1973)  for  estimating  the  rates  of  resynchronization  of  Individual 
biorhythms  following  transmeridian  flights  or  photoperiod  shifts  Is 
extended  to  estimation  of  rates  at  which  two  biorhythms  resynchronize 
with  respect  to  each  other.  Such  quantification  of  the  rate  of 
restoration  of  the  Initial  phase  relationship  of  the  two  bloHiythms  Is 
pointed  out  as  a valuable  tool  In  the  study  of  Internal 
desynchronosi s. 
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806. 

Hejfbach.  J.  P.,  and  J.  Vamlkos-Oannallls*  Inhibition  of  the 
pituitary-adrenal  response  to  stress  during  deprivation-induced  feeding. 
Endocrinology  104;  967r978,  1979. 

807. 

Higgins.  E.  A.*  W.  0.  Chiles.  J.  M.  McKenzie.  6.  E.  Funkhouser.  H.  J.  Burr,  A. 

E.  Jennings,  and  J.  A.  Vaughan.  Physiological.  Blochewlcal,  and 

Multi pie- task-performance  Responses  to  Dufei^nt  Alterations  of"' The  Wake-Sleep 

Cycle.  Washington  b.t.:  FAA  o/f'kce  of  AvIaHon  Medicine,  1976, 
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Three  groups,  each  comprising  five  healthy,  male,  paid  volunteers 
(aMs  21  to  30),  were  studied  for  11  days.  Baseline  data  were 
collected  for  3 days,  during  which  subjects  adhered  to  a day/night 
routine;  l.e..  sleeping  from  2230  to  0600.  On  the  fourth  day  each 
group  took  a "flight*  in  the  altitude  chamber.  Following  the  flight 
day,  subjects  In  the  first  group  (Group  I)  slept  from  only  0230  to 
0600  and  then  returned  to  the  baseline  routine;  subjects  In  the  next 
group  (Group  II)  had  their  day  extended  by  6 hours  and  began  a new 
routine  of  sleeping  from  0430  to  1200  for  the  remainder  of  the  study; 
subjects  In  the  third  oroup  (Group  III)  had  their  day  compressed  by  6 
hours  and  slept  from  2030  to  2400  only  that  fourth  night  and  then 
began  a new  routine  of  sleeping  from  1630  to  2400  for  the  final  7 days 
of  the  study.  According  to  the  physiological  and  biochemical 
measurements,  there  was  little  difference  between  the  two 
6-hour-change  groups  (Groups  II  and  III),  both  of  tdilch  required 
longer  rephasal  times  than  did  the  group  that  experienced  sleep  loss 
but  no  time  change  (Group  I).  The  psychomotor  performance  test 
Indicated  the  greatest  change  In  the  group  whose  day  was  shortened  by 
6 hours  (Group  III).  The  Multiple  Task  Performance  Battery  (MTPB) 
Indicated  the  greatest  deficit  In  performance  for  Group  III  and  the 
best  postshift  performance  for  Group  II.  Therefore,  If  performance  of 
the  type  represented  by  the  MTPB  Is  the  most  Important  consideration, 
then  travel  from  west  to  east  (or  "quick  turnarounds"  for  shift 
workers)  appears  to  be  more  deleterious  than  changes  In  the  opposite 
direction.  However,  this  effect  cannot  be  predicted  on  the  basis  of 
the  physiological  and  biochemical  determinations  made  In  this  study. 


808. 

Higgins,  E.  A.,  W.  0.  Chiles,  J.  M.  McKenzie,  P.  F.  lampletro,  J.  A.  Vaughan, 
Higgins,  E.  A.,  G.  E.  Funkhouser,  M.  Burr,  A.  E.  Jennings,  and  G.  West.  The 
EffKts  of  Dextroamphetamine  on  Physiological  Responses  and  Complex 
Performance  during  Sleep  loss.  Uasnington  o.  C.:  fAa  Office  or  Aviation 
Hedlcfne,  Ta;(-AH-7S.147  »75.  9 p. 

On  two  separate  occasions,  performance  of  ten  male  subjects  was 
measured  on  the  Civil  Aeromedical  Institute  Multiple  Task  Performance 
Battery  at  4-hour  Intervals  for  a period  of  24  hours  without  sleep. 

Each  subject  received  a capsule  at  4-hour  Intervals  beginning  at  2000. 

On  one  occasion,  the  first  three  doses  contained  5 mg  each  of 
dextroamphetamine  sulphate  followed  by  placebos  for  the  remaining 
three  capsules.  On  the  other  occasion,  all  capsules  were  pUcebos. 
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Results  of  txperlient  dsnonstrsted  that  the  dextroeephetinlne  sulphate 
sustained  a high  level  of  proficiency  and  altertness  and  delayed  the 
effe;:ts  of  fatigue  fpr  8 to  12  hours  after  the  Ingestion  of  the  third 
and  final  drug  capsule.  Heart  rate,  rectal  temperature,  and  urinary 
excretion  rates  of  catecholamines  were  elevated  with  this  drug.  These 
Increases  could  support  the  enhancement  of  proficiency  and  alertness 
damonstrated  with  amphetamines.  Neither  the  subjects'  feelings  of 
fatigue  nor  the  accuracy  of  their  estimates  of  performance 
capabilities  differed  significantly  In  these  two  test  conditions. 


809. 

Higgins.  E.  A..  H.  D.  Chiles.  J.  M.  McKenzie.  P.  F.  lampletro.  C.  M.  Uinget. 

G.  E.  Funkhouser.  H.  J.  Burr.  J.  A.  Vaughan,  and  A*  E.  Jennings.  The  Effects 
of  a 12- hour  Shift  In  the  Wake-Sley  Cycle  on  Physiological  and  BiocTwimlcai 
Hes^nses  and  on  HulTlpTe-task-perfoirmance.  basnington.  b.  ITT  “ITOTTIfFTce  of 
Aviation  Ne^ctne.  l^T'S.  F'AA*^-7^-ld.  pp. 

810. 

Higgins.  E.  A.,  P.  F.  lampletro.  J.  A.  Vaughan.  6.  E.  Funkhouser.  and  M.  J. 
Burr.  Effects  of  altered  wake-sleep  cycle  In  biorhythms.  Aerosp.  Ned. 

Assoc..  Preprints.  1973.  pp.  227-228. 

811. 

Higgins.  E.  A..  J.  N.  HcKenzIe.  J.  A.  Vaughan.  G.  E.  Funkhouser.  and  M.  J. 
Burr.  Physiological  responses  to  different  alternations  of  the  wake-sleep 
cycle.  Aerospace  Hed.  Assoc..  Preprints.  1975,  pp.  37-38. 


812. 

Hlldebrandt.  W.  Untersuchung  zur  Beruckslchtlgung  der  Nenschllchen 
Tagesrhythmik  durch  elne  Variable  Arbeltszeltregelung  (Investigation 
Concerning  a Consideration  of  the  Human  Circadian  Rh^hm  by  Neans  of  a 
Variable  Working  Time).  (Doctoral  Thesis)  Fakultat  fur  Naschinenwesen. 
Aachen:  Rhelnisch-Uestfallsche  Technische  Hochschule.  1972,  182  pp. 

Studies  of  the  human  circadian  rhythi  are  considered  together  with 
approaches  to  adapt  working  schedules  to  this  rhythm.  The  adaptations 
can  Include  operational  adjustments  within  the  framework  of  a fixed 
working  time  and  an  adoption  of  a variable  working-time  schedule.  The 
original  of  variable  working-time  arrangements  are  discussed  along 
with  details  concerning  working-time  schedules,  advantages  and 
drawbacks  of  a variable  working  time,  the  present  use  of  a variable 
working  time  In  the  economy,  and  problems  connected  with  the 
Introduction  of  a variable  working  time.  The  employment  of  the  Pauli 
test  In  a modified  form  provides  InfonMtIon  In  Investigations 
regarding  a quantification  of  the  circadian  rhythm.  Results  obtained 
regarding  fixed  and  variable  working-time  schedules  are  compared, 
taking  Into  account  data  obtained  In  a statistical  analysis. 
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813. 

Hlldebrandt,  G.  Chronob1o1o9lscht  Grundlagcn  der  Lelstungsfahlgkelt  und 

Chronobyglene.  In:  BlolooUche  Rhyttmtn  and  Arbtit..  tdfted  l)iy  G* 

Hlldebrandt,  U1an*Ncw  York:  Sprlnger-Verlag,  TfTJT’pp  1*1 9* 

814. 

Hlldebrandt,  G.  Outline  of  ChronoKyglene.  Chronobloloqlat  3:  113-127,  1976. 

Since  chrono therapy  already  manipulates  rhythmical  functions.  It 
Is  the  Important  task  of  chronohyglene  to  outline  the  object  of 
therapy,  I.e.,  health,  from  chronoblological  points  of  view.  Only  on 
such  a basis  can  chronohyglene  be  extended  to  the  prevention 
provisions  of  health  care  and  health  education  In  regard  to  the 
biological  time  structure.  Health  can  be  characterized  as  an  optimal 
state  of  harmonious  time  structure  and  Its  Integration  Into  the 
temporal  orders  of  the  environment. 

The  circannual  variations  of  an  organism  establish  a seasonal  risk 
cycle  changing  the  Inner  preconditions  of  therapy  as  well.  Moreover, 
chronohyglene  must  raise  the  question  of  vdiether  the  biological 
circannual  rhythm  Is  an  Integrating  component  of  the  human  time 
organization,  or  If  It  may  be  levelled  by  civilization. 

Circadian  variations  of  the  organism  not  only  modify  the 
preconditions  of  therapy,  but  In  particular  those  of  activity  and 
efficiency.  The  nocturnal  maximum  of  functional  econooy  normally  Is 
protected  against  exploitation  by  a simultaneous  minimum  of  vigilance, 
which  provides  the  nightly  recovery.  Therefore  the  destruction  of 
this  phase  relationship  by  night-work  must  worsen  recovery  conditions. 

The  disturbance  of  the  time  structure  In  the  organism  by 
night-work  not  only  affects  the  circadian  system,  but  faster  rhythms 
as  well.  The  phase  position  of  the  circadian  rhythms  Is  closely 
related  to  the  Individual  responsiveness  of  the  autonomous  system  as 
well  as  to  the  pulse-respiratlon-ratlo.  The  latter  can  serve  as  a 
chronoblological  criterion  for  evaluating  suitability  of  risk  of 
night-  and  shift-work.  The  effort  of  chronohyglene  Is  based  on  the 
fact  that  disturbances  of  the  time  structure  represent  Just  a 
complementary  aspect  to  disturbances  of  the  spatial  structure  of  the 
organism. 


815. 

Hlldebrandt,  G.,  and  P.  Engel.  The  relation  between  diurnal  variations  In 
psychic  and  physical  performance.  In;  Aspects  pf  Human  Efficiency;  Diurnal 
Rhythm  and  loss  of  $1^.  ( Proceedings  of  tbe  Symposlue,  Strasbourg,  Fr.  1970), 
edited  by  CoTquhoun,  London:  English  Univ.  Press,  1972,  pp.  231-240. 

Investigation  of  an  Individual's  ability  to  carry  out  a given  task  at 
a given  point  of  time,  which  Is  determined  by  the  performance 
characteristics  of  various  functional  levels  or  systems  In  the 
organism.  These  consist  essentially  of  motivation,  precision, 
econaqy,  and  capacity.  Various  studies  are  cited  which  Indicate  that 
In  the  central  nervous  systaa  the  degree  of  automatic  coordination  or 
synchronization  of  :*hys1olog1ca1  rhythmic  functions  generally 
Increases  greatly  during  the  nocturnal  recuperation  phase,  and  can  be 
taken  as  a common  basis  for  the  decrease  In  psychic  performance  and 
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the  simultaneous  Increase  In  physical  performance  at  this  time.  Thus 
the  180  - deg  phase-difference  In  the  diurnal  rhythms  of  the  two  kinds 
of  perfonnance  can  be  thought  of  as  a consequence  of  the  varying 
effect  of  automatic  coordinations  on  the  specific  performance 
characteristics  of  various  functional  levels  In  the  organism. 


816. 

Hlldebrandt,  G.,  and  E.  M.  Lowes.  Tagesrhythmische  Schwankungeen  der 
vegetative  Lichtreaktionen  belm  Menschen.  J.  Interdlscip.  Cycle  Res.  3: 
289-301,  1972. 

817. 

Hlldebrandt,  G. , W.  Rohmert,  and  J.  Rutenfranz.  Dally  variations  of  the 
frequency  of  errors  by  shift  working  railway  operators  and  the  Influence  of 
fatigue.  Int.  Chronoblol.  1:  331-332,  1973. 

818.  Hlldebrandt,  G. , W.  Rohmert,  and  J.  Rutenfranz.  Twelve  and  twenty-four 
rhythms  In  error  frequency  of  locomotive  drivers  and  the  Influence  of 
tiredness.  Int.  J^.  Chronoblol.  2:  175-180,  1974. 

819. 

Hlldebrandt,  G.,  H.  Rohmert  and  J.  Rutenfranz.  The  Influence  of  fatigue  and 
rest  period  on  the  circadian  variation  of  error  frequency  In  shift  workers 
(engine  drivers).  Int.  J.  Chronoblol.  3:  6,  1975. 

820. 

Hlldebrandt,  G.,  and  I.  Siratmann.  Circadian  rhythms  and  shift 
work— Implications  and  findings.  Circadian  system  response  to  night  work.  In 
relation  to  the  Individual's  circadian  phase  position.  Ergonomics  21:  861, 
1978. 


Dally  rhythms  of  bo(<y  temperature  and  pulse  rate  were  measured  In 
six  night-nurses  under  strict  resting  conditions  Immediately  after  7 
18  days  of  night  work,  and  subsequently  after  10  days  of  recovery 
under  normal  living  conditions.  Scores  on  the  Horne-Osberg 
Questionnaire  Indicated  that  three  of  the  subjects  were  moirning 
types,  and  three  evening  types. 

A "flattening-index"  and  a "disturbance-index"  were  used  In  order 
to  quantify  the  changes  In  amplitude,  phase  position  and  high 
frequency  modulation  of  the  rhythms.  While  the  rhythms  of  the  morning 
types  exhibited  an  Increase  In  amplitude,  leading  to  a greater  value 
of  the  disturbance- Index,  those  of  the  evening  types  showed  a 
flattening.  Ratings  of  subjective  vigilance  during  the  day  also 
Indicated  that  evening  types  were  less  affected  by  the  night  work.  It 
Is  concluded  that  this  greater  tolerance  of  ev^’ilng  types  to  night 
work  stems  from  the  lower  responsiveness  of  their  vegetative  functions 
to  changes  In  the  external  environment. 


821. 

Hlldebrandt,  G.  and  I.  Siratmann.  Circadian  system  response  to  night  work  In 
relation  to  the  Individual  circadian  phase  position.  Int.  Arch.  Occup. 
Environ.  Health  43:  73-83,  1979. 
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In  6 night  nurses  the  dally  course  of  bo4y  temperature  and  pulse 
rate  was  measured  under  strict  resting  conditions  Immediately  after  a 
7 to  18-dey  period  with  night  work  as  well  as  after  a 10-day  period  of 
recovery  under  normal  life  conditions.  Three  of  the  subjects  were 
morning  types  and  three  evening  types  according  to  the 
Horne-Ostberg-Questlonnaire  as  well  as  to  the  phase  position  of  the 
body  temperature  cycle.  In  order  to  quantify  the  changes  In 
amplitude,  phase  position,  and  frequency  a "flattening  Index",  a 
"circadian  deformation  Index"  were  used.  While  the  evening  types 
reacted  with  a flattening  of  their  circadian  amplitude  and  thus  gained 
a greater  tolerance,  the  morning  types  hyperreacted  when  exposed  to 
the  Inverse  life  pattern,  developing  an  Increased  amplitude  and  adding 
to  the  circadian  deformation  by  ultradlan  periods.  No  significant 
differences  could  be  detected  In  phase  shift.  Higher  amounts  of 
subjective  complaints  and  deficit  of  sleep  as  well  as  differences  In 
the  additionally  controlled  vigilance  functions  demonstrated  the  lower 
tolerance  of  the  morning  types  to  night  work.  The  discussion  concerns 
the  methological  basis  of  a quantitative  evaluation  of  disturbance  of 
the  circadian  system,  and  shows  that  the  greater  tolerance  of 
evening  types  to  night  work  Is  based  on  a lower  reagiblllty  of  the 
vegetative  functions  to  changes  In  the  outer  environment. 


822. 

Hlldebrandt,  6.,  and  Strempel,  H.  Chronoblological  problems  of  performance 
and  adaptatlonal  capacity.  Proc.  Intern.  Conf.  Inter.  Soc.  Chronoblol.,  12th, 
Milan:  n Ponte,  1977,  p,  103-115. 

823. 

Hlldebrandt,  6.,  and  H.  Strempel.  Chronoblologische  Grundlagen  der  Lelstungs- 
und  Anpassungsfahigkelt.  (Chronoblological  foundation  of  performance  and 
adaptability.)  Nova  Acta  Leopold.  46;  337-350,  1977. 

824. 

Hllfenhaus,  M.  Circadian  rhytlw  of  plasma  renin  activity,  plasma  aldosterone 
and  plasma  corticosterone  In  rats.  Int.  J_.  Chronoblol.  3;  213-229,  1976. 

825. 

Hllfenhaus,  M.,  and  T,  Hertig.  Effects  of  Inverting  the  light  dark  cycle  on 
the  circadian  rhythm  of  urinary  excretion  of  aldosterone,  corticosterone  and 
electrolytes  In  the  rat.  In:  Advances  In  the  Blosclences,  vol.  19: 
Chronopharmacology,  edited  by  A.  Relnberg  and  F.  Hal  berg.  HeiTTorlcT 
Pergenmon  Press,  i979,  pp.  49-55. 

The  Influence  of  a 180*-11ght  shift  on  the  circadian  rhythm 
of  urinary  excretion  of  sodium,  potassium,  corticosterone  and 
aldosterone  was  Investigated  In  rats  to  analyze  the  Interrelationship 
between  the  rhythms  of  corticosteroids  and  electrolyte  metabolism. 

Male  Sprague-Oawl ey  rats  were  kept  In  Individual  metabolic  cages  with 
a standard  rat  food  (Na'*’  96  moles/kg;  K'*’  143  moles/kg)  and  tap 
water  ad  libitum.  The  animals  were  adapted  to  a lighting  regime  of 
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L (6.00-18.00):  0(18.00-6.00)  for  two  weeks  prior  to  Inversion  of  the 
light  dark  cycle  to  1(18.00-6.00):  0(6.00-18.00).  Spontaneously 
discharged  urine  sampled  continuously  In  7h-port1ons  was  analyzed  for 
free  aldosterone,  free  corticosterone  and  electrolytes*  The  peaks  of 
aldosterone,  corticosterone  and  potassium  shifted  day  by  day*  by 
which  a complete  Inversion  of  the  rhythmic  patterns  was  found  9 days 
after  the  180*-11ght  shift.  Sodium  excretion  behaved  differently:  The 
nomal  pattern  was  modified  by  the  light  shift  but  was  found  not 
completely  Inverted  even  19  days  after  Inversion  of  the  light  dark 
cycle.  From  the  parallel  shifting  of  the  rhythms  of  urinary  excretion 
of  aldosterone,  corticosterone  and  potassium  and  the  different 
behaviour  of  the  sodium  rhytha  It  can  be  concluded  that:  (1)  the 
circadian  rhythm  of  corticosterone  as  well  as  of  aldosterne  seems  to 
be  controlled  by  a common  regulatory  mechanism,  presumably  by  the 
rbythm  of  ACTH  secretion.  (2)  the  circadian  rhythm  of  potassium 
excretion  may  be  controlled  by  the  rhythm  of  corticosterone  and  /or 
aldosterone.  (3)  the  circadian  rhythmm  of  sodium  excretion  man  be 
controlled  by  mechanisms  not  related  to  adrenal  cortical  function. 


826. 

Hill.  B.,  and  G.  0.  VIII Hamms.  An  Investigation  of  landing  accidents  In 
relation  to  fatigue.  In:  Aircrew  Stress  In  Vlartiwe  Operaatlons,  edited  by  E. 
J.  Oearnaley  and  P.  B.  Warr'I  London:  Xcadinic  Press,  1^79,  ch.  6,  pp. 

89-108. 

827. 

Hlllestad,  et  a1*  Diazepam  metabolism  In  normal  man.  Clin.  Pharm.  Th^r.  16: 
485-489,  1974. 


828. 

Hlndmarch,  I.  A repeated  dose  comparison  of  3 benzodiazepine  derivatives 
nitrazepam,  flurazepam.  and  flunitrazepam  on  subjective  appraisals  of  sleep 
and  measures  of  psycho-motor  performance  the  morning  following  night  time 
medication.  Acta  Psychlatrica  Scandinavica  56;  373-381,  1977. 


829. 

Hiroshige.  T. , and  K.  Honma.  Factors  entraining  circadian  rhythms  In  mammals: 
Internal  and  external  synchronization  of  endogenous  rhythms  In  the  rat  and 
Involvment  of  brain  biogenic  amines.  In;  Biological  Rtythms  and  Their 
Central  Mechanism,  edited  by  M.  Suda,  0.  Hayalshi,  and  H.  Makagaw^  Rew  York; 
Elsevler/North-Holland  Biomedical  Press,  1979,  pp  233-246. 

830. 

Hlrsch,  E.  et  al.  Body  weight  chanm  during  1 week  on  a single  dally  2000 
calorie  meal  consumed  as  breakfast  (8)  or  dinner  (0).  Chronoblologla  2: 

31-32,  1975. 

831. 

Hlrsch,  T.  Blorhythm-Or,  Is  It  a critical  day?  National  Safety  News  113: 
41-44,  1976.  


A review  article  In  \4>1ch  are  considered  both  accident  occurrrence 
as  correlated  to  the  biorhythm  theory  and  the  use  of  the  theory  In 
accident  prevent.  National  Safety  News,  after  contacting  dozens  of 
companies,  scientists  and  biorhythm  proponents  found  that  only  a 
handful  of  organizations  will  admit  to  using  the  theory,  despite 
claims  by  proponents*  H.  Willis.  Director  of  the  Biorhythm  Clinic, 
defends  the  theory,  but  compromises  the  theory  by  claiming  that  there 
may  be  Individual  variability  In  biorhythm  cycles  due  to  psychological 
or  physical  trauma.  He  claims  60-75f  of  the  population  conforms  to 
the  theory.  They  cite  a study  by  K.  Tyler  of  the  Truck  Underwriters 
Assoc,  which  studied  18.000  accidents  and  found  that  the  pattern  of 
accidents  was  the  same  as  would  be  expected  from  chance.  National 
Safety  News  has  been  unable  to  substantiate  claims  that  biorhythm 
theory  Is  widely  used  In  occupational  safety  and  quote  a statement 
from  United  Air  Lines,  which  has  been  widely  quoted  as  using  biorhythm 
theory:  **we  do  not  have  aqy  hard  data  that  will  Indicate  that  the 
biorhythm  program  had  any  direct  effect  on  our  ground  safety 
performance,  and  the  program  has  been  discontinued**. 


832. 

Hockey.  G.  R.  J..  and  W.  P.  Colquhoun.  Diurnal  variation  In  human  performance 
- a review.  In:  Aspects  of  Human  Efficiency;  Diurnal  Rhythm  and  Loss  of 
Sleep.  (Proc.  of  a Symp..  ISfrasbourg,  fR..  19/0),  edited  by  W.P^Colquhoun. 
London:  English  Universities  Press,  1972,  pp.  1-23. 

Review  of  published  findings  on  human  performance  as  a function  of 
time  of  day  Including  the  relation  of  the  circadian  rhythm  of  human 
performance  to  physiological  rhythms  and  their  alteration  as  a result 
of  exposure  to  changes  In  living  routines  or  to  otherwise  unusual 
conditions.  Emphasis  In  the  review  Is  on  variations  In  performance 
efficiency,  rather  than  on  physiological  processes.  Some  of  the 
conclusions  drawn  from  the  reviewed  findings  Indicate  that:  (1)  there 
Is  a marked  rhythm  In  the  efficiency  of  human  performance,  both  In 
normal  and  In  mar\y  unusual  environmental  conditions;  (2)  this  rhythm 
has  a primary  period  of  24  hours,  and  Its  effects  appear  not  only  when 
tests  are  made  during  the  normal  waking  dqy.  but  also  when  they  are 
carried  out  through  the  night;  and  (3)  there  Is  a high  degree  of 
correspondence  between  diurnal  changes  In  performance  and  body 
temperature. 


833. 

Hockey  G.  R. , S.  Davies,  and  M.  M.  Gray.  Forgetting  as  a function  of  sleep  at 
different  times  of  the  day.  Quart.  J.  Psychol . 24:  386-393,  1972. 

The  experiment  studied  the  separate  effects  of  sleep  and  time 
period  of  retention  Interval  on  forgetting.  A free  recall  task  was 
given  to  Independent  groups  of  subjects  either  at  night  or  In  the 
morning,  and  a second  recall  demanded  45  h later,  after  an  Intervening 
period  of  sleeping  or  waking  activity.  Oral  body  temperatures  (BT) 
were  measured  at  each  session.  The  data  were  analysed  In  terms  of  (a) 
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Imnedlate  recall  at  test  I,  and  (b)  amount  forgotten  from  test  1 to 
test  2.  Immedtate  recall  kmis  higher  for  morning  groups.  In  agreement 
with  previous  findings,  serial  position  analysis  Indicating  that  the 
effect  Is  confined  to  enhancement  of  the  primary  memory  component. 
Long-term  retention  was  higher  over  the  night  Interval,  Irrespective 
of  sleeping  conditions,  though  having  slept  at  night  produced  better 
retention  than  having  stayed  awake.  Sleep  during  the  morning  was  not 
effective  In  reducing  forgetting.  BT  showed  a marked  drop  for  both 
night  groups  and  rise  for  day  groups  over  the  retention  Interval. 
Alternative  explanations  for  the  classical  sleep/memory  findings  are 
suggested  In  terms  of  (a)  differential  effects  of  sleep  stages  on 
memory,  and  (b)  the  underlying  diurnal  variation  In  BT  and  other 
processes. 


834. 

Hodge,  0.  C.  Environmental  quality  considerations  for  continuous  operations. 
Conf.  on  Military  Requirements  for  Research  on  Continuous  Operations  (Human 
Engineering  Labs.),  Lubbock,  TX.,  1971,  pp. 39-50. 

835. 

Hodges,  0.  R. , and  S.  Nitchley.  The  effect  of  betamethasone  on  circadian  and 
stress-induced  pituitary-adrenocortical  function  In  the  rat.  Br.  J.  Pharmacol. 
38:  719-724,  1970.  

836. 

Hoecken,  H.  Ole  Blorhythmik  als  Heifer  der  Menschhelt,  aus  Blelb  gesund. 

(The  blorhythmTc  as  a helper  of”manklnd,  to  rmnalnliealtliFr.  Braunschweig: 
Zeltschrlft  des  Volksgesundheltsverelnes  e.  V.,  1957. 


837. 

Hofftnan,  K.  Overt  circadian  frequencies  and  the  circadian  rule.  In: 

Circadian  Clocks,  edited  by  J.  Aschoff.  Amersterdam:  North-Hoi land  Publ. 

CO. ,1965,  pp.  87-94. 

838. 

Hoffmann.  K.  Die  relative  Wirksamkelt  von  Zeitgebern.  Oecologla  (Berlin)  3: 

184-206,  1969. 

Amongst  others,  masking  effects  are  discussed,  that  Is,  the  direct 
action  of  the  light-dark  cycle,  evoking  activity  or  suppressing 
activity,  as  distinct  from  entraining  effects  underlying  biological 
oscillation. 


839. 

Hofhnann,  K.  Zum  Einfluss  der  Zeitgeberstaerke  auf  die  Phasenlage  der 
synchronislerten  circadlanen  Perlodik.  Z.  vergl . Physiol.,  62:93-110,  1969. 

After  a phase-shift  of  the  light-dark  cycle,  activity  rhythms  of 
birds  are  found  to  become  resynchronized  faster  than  those  of  mammals. 

In  addition,  the  mlnlmua  amplitude  of  the  light-dark  cycle  necessary 
for  entrainment  Is  found  to  be  smaller  In  birds  than  In  mammals. 
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840. 

Hoffman.  K..  M.  Gonderoth-Palmowskl.  6.  Wiedenmann.  and  U.  Engelmann. 

Further  evidence  for  period  lengthening  effect  of  LH  on  circadian  rhythms.  Z. 
Naturforsch . 33C:  231-234.  1978. 


841. 

Holley*  0*  C..  D.  A.  Bechman.  and  J.  W.  Evans.  Effect  of  confinement  on  the 
circadian  rhythm  of  ovine  cortisol.  J.  Endocr.  65:  147-148,  1975. 


842. 

Holley*  0.  C..  and  J.  W.  Evans.  Effect  of  confinement  on  ovine  glucose  and 
Immunoreactive  Insulin  circadian  rhythms.  Am.  J.  Physiol.  226:  1457-1461, 
1974. 

843. 

Hollmann,  W.,  and  T.  Hettinger.  Sportmedizin  - Arbeits-  und 
Tralningsgrundlagen.  Stuttgart-New  York:  FTTC.  SchattauerTerl ag,  1976, 
p.  67. 

844. 

Hollwich,  F.  The  Influence  of  Ocular  Light  Perception  on  Metabolism  1 n Man 
and  In  Animal.  Th.  Hannum  a1^  N.  Hannum,  transl.)  N.  YT,  Heidelberg,  Berlin: 
3^1nger-Ver1ag*  1979,  130  pp. 

845. 

Holmes,  0.  S.,  C.  A.  Curt**1ght,  K.  D.  Mccaul , and  0.  Thissen.  Biorhythms; 
Their  utility  for  predicting  postoperative  recuperative  time,  death,  and 
athletic  performance.  Appl.  Psychol.  65:  223-236,  1980. 

In  three  studies  the  relationship  between  biorhythm  phase  and 
postoperative  recuperative  phase,  death  times,  and  athletic 
performance  were  studied  using  analysis  of  variance,  chi  square 
analysis  or  multiple  regression.  Neither  analysis  of  variance  or 
multiple  regression  revealed  any  significant  correlations  between 
phase  of  any  of  the  3 biorhythm  cycles  and  postoperative  recuperative 
times.  Chi  square  analysis  of  148  obituary  notices  selected  at  random 
revealed  no  significant  relationships  between  biorhythm  critical  days 
or  negative  days  and  date  of  death.  Multiple  regression  analysis  of 
20  golf  tournament  scores  from  22  male  members  of  the  Professional 
Golfers  Assoc,  revealed  no  significant  evidence  the  biorhythms  could 
reliably  predict  golf  performance  since  only  one  significant 
correlation  was  found  out  of  22  samples. 


846. 

Honjo,  S. , T.  Fujiwara,  M.  Takasaka,  Y.  Sauzuk,  and  I.  Imaizuml.  Observations 
on  the  diurnal  temperature  variation  of  cynomolgus  monkeys  (Macaca  Irus)  and 
on  the  effect  of  changes  In  the  routine  lighting  upon  this  variation.  Jpn  J. 
Med.  Scl.  Biol.  16:  189-198,  1963. 


Cynomolgus  monkeys  which  were  kept  one  per  cage  In  an  animal  room 
which  the  sun-light  could  freely  enter,  exhibited  a distinct  diurnal 
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rhythm  of  bo<ly  temperature  taken  from  the  rectum.  The  maximum 
temperature  (mean>38.64*  C)  was  recorded  at  4 p.  m.  and  the  minimum 
(mean>37.42**  C)  was  at  4 a.  m.  The  range  of  d.  t.  v.  (diurnal 
temperature  variation)  was  1.42*  C.  The  pattern  of  d.t.v.  of 
cynomolgus  monkey,  that  was  kept  one  per  cage  In  the  room  which  was 
artificially  Illuminated  by  fluorescent  lamps  during  10  a.  m.  - 5 p. 
m.  each  day  preceeded  and  followed  by  an  entire  darkness,  was  not 
essentially  different  from  the  pattern  which  was  observed  under  the 
sun-light  condition  (the  control  pattern).  The  Inversion  of  the 
pattern  of  d.  t.  v.  was  Induced  one  to  two  weeks  after  the  Inversion 
of  routine  lighting.  In  this  case,  lights  were  on  during  5 p.  m.  • 10 
p.  m.  The  maximum  temperature  was  obtained  at  10  a.  m.  and  the 
minimum  was  at  4 p.  m.  In  the  Inverted  pattern.  When  monkeys  were 
continuously  left  In  an  entire  darkness  or  In  artificial  light,  the  d. 
t.  V.  seemed  to  lose  the  normal  control  pattern,  and  the  range  of  d. 
t.  V.  evidently  decreased.  With  changing  the  experimental  conditions 
of  lighting  again  to  the  same  one  as  that  of  the  control,  the  altered 
patterns  of  d.  t.  v.  returned  to  the  same  pattern  as  the  control  In 
every  experimental  group.  Although  the  pattern  of  d.  t.  v.  of 
cynomolgus  monkeys  was  undoubtedly  dependent  upon  the  given  condition 
of  lighting,  the  after-effect  of  pre-existing  condition  remained  for 
some  time. 

847. 

Nonma,  K.  The  mechanism  of  synchronization  of  endogenous  biological  rhythms. 

1.  Analysis  on  the  mode  of  synchronization  of  circadian  rhythms  of  locomotor 

activity,  bo((y  temperature  and  plasma  corticosterone  In  the  rat.  Hokkaido 

Igaku  Zasshi  52:  213-236,  1977. 

Circadian  rhythms  of  locomotor  activity,  body  temperature  and 
plasma  corticosterone  level  were  determined  simultaneously  from 
Individual  rats  (longitudinal  study)  In  order  to  know  the  nature  of 
these  rhythms  and  the  Interrelationships  among  them.  Periodicity 
analysis  by  least  squares  spectra  was  used.  Characteristics  of  the 
underlying  mechanism  by  which  these  rhythms  are  regulated  were 
examined  In  relations  to  light-dark  cycle  and  light  Intensity.  The 
circadian  rhythms  studied  In  the  rat  ran  freely  with  a period  of  more 
than  24  h (free-running  rhythm)  In  the  absence  of  light-dark  cycle 
(Zeitgeber).  During  12  days  under  continuous  light  (200  lx)  these 
rhythms  did  not  desynchroni ze  each  other,  but  showed  paralllel  phase 
shifts  of  similar  size.  Prolonged  Illumination  (200  lx  over  a period 
of  3 mon.)  abolished  the  circadian  rhythm  of  all  parameters  used. 

These  animals  showed  ultradlan  rhythms  having  a 4-6  h period.  Similar 
ultradlan  components  were  Identified  by  the  periodicity  analysis  In 
locomotor  activity  of  prepuberal  rats  In  which  no  circadian  rhythm  was 
established  yet.  Correlation  analysis  revealed  that  Increment  of 
locomotor  activity  was  significantly  related  to  subsequent  elevation 
of  bo4y  temperature.  But  circadian  rhythm  se  of  body  temperature 
Is  not  Induced  by  Increments  of  locomotor  acRvT^.  The  Aschoff  Rule 
apparently  was  valid  for  the  circadian  rhythm  of  plasma  corticosterone 
level  and  locomootor  activity.  Cervical  gangllonectoiqy  that  abolished 
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circtdfan  rhythm  of  pineal  serotonin  content  affected  neither 
free-runnlno  rhythm  of  locomotor  activity  nor  of  bo<ty  temperature,  nor 
plasma  corticosterone  level.  Apparently  circadian  rhythms  of 
locomotor  activity*  bo(ty  temperature  and  plasma  corticosterone  are  all 
endogenous.  Since  these  rhythms  always  showed  a parallel  phase  shift 
under  various  experimental  conditions  used,  they  are  assumed  to  be 
tightly  coupled  with  each  other,  most  probably  with  a common 
regulating  mechanism  (the  biological  clock).  Periodicity  analysis 
revealed  that  an  ultradlan  component  with  a 4-6  h period  Is  the  basic 
unit  of  circadian  rhythms.  Apparently  the  principal  role  of  the 
biological  clock  Is  to  cluster  these  ultradlan  rhythms  within  a 
certain  period  during  24  h. 


848. 

Honma,  K.,  and  T.  Hiroshige.  Endogenous  ultradlan  rhythms  In  rats  exposed  to 
prolonged  continuous  light.  Am.  d.  Physiol.  235:  R2%-R256,  1978. 

Circadian  rhythms  of  locomotor  activity,  body  temperature,  and 
plasma  corticosterone  were  determined  simultaneously  In  Individual 
rats  that  were  exposed  to  200  lx  continuous  light  for  over  3 mo. 
Free-running  circadian  rhythms  of  locomotor  activity  persisted  for 
about  2 mo  under  continuous  light  and  then  the  rhythms  gradually 
decomposed.  After  3 mo.  of  exposure,  circadian  rhythms  disappeared  and 
several  times  during  a 24-hr  period.  Body  temperature  also  exhibited 
several  bursts  of  fluctuation  and  these  bursts  were  closely  correlated 
In  their  temporal  sequence  with  those  of  locomotor  activity.  A 
least- squares  spectrum  analysis  revealed  that  the  burst  had  regular  4- 
to  7-h  periods.  Plasma  corticosterone,  determine  by  serial  sampling 
at  2-h  Intervals  from  Individual  rats,  also  exhibited  several 
secretion  episodes  In  a day.  Those  episodic  secretions  synchronized 
with  bursts  of  locomotor  activity.  These  results  suggest  that  the 
ultradlan  component,  manifested  under  prolonged  continuous  light.  Is  a 
fundamental  unit  of  the  circadian  rhythm  and  an  oscillator  for  the 
ultradlan  rhythm  Is  common  to  the  three  functions  examined. 


849. 

Honma,  K.,  and  T.  Hiroshige.  Internal  synchronization  among  several  circadian 
rhythms  In  rats  under  constant  light,  fjm.  J.  Physiol.  235:  R243-249,  1978. 

Three  biological  rhythms  (locomotor  activity,  body  temperature,  and 
plasma  corticosterone)  were  measured  simultaneously  In  Individual  rats 
under  light-dark  cycles  and  continuous  light.  Spontaneous  locomotor 
activity  was  recorded  on  an  Anlmex  and  bo^  temperature  was 
telemetrically  monitored  throughout  the  experiments.  Blood  samples 
were  obtained  serially  at  2-h  Intervals  on  the  experimental  dqys. 

Phase  angles  of  these  rhythms  were  calculated  by  a least  squares 
spectrum  analysis.  Under  light-dark  cycles,  the  acrophases  of 
locomotor  activity,  body  temperature,  and  plasma  corticosterone  were 
found  at  0029,  0106,  and  1940  h,  respectively.  When  rats  were  exposed 
to  200  lx  continuous  light,  locomotor  activity  and  body  temperature 
showed  free-running  rhythms  with  a period  of  25.2  h on  the  average. 
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P1«$ma  corticosterone  levels  determined  at  12  dsys  after  exposure  to 
continuous  light  exhibited  a circadian  rhythm  with  the  acrophase 
shifted  to  0720.  The  acrophases  of  locomotor  activity  and  body 
temperature*  determined  simultaneously  on  the  same  dey«  were  found  to 
be  located  at  1303  and  1358  h*  respectively.  Phase-angle  differences 
among  the  three  rhythms  on  the  12th  dey  of  continuous  light  were 
essentially  the  same  with  those  under  the  light-dark  cycle.  These 
results  suggest  that  circadian  rhythms  of  locomotor  activity*  body 
temperature*  and  plasma  corticosterone  are  most  probably  coupled  to  a 
common  Internal  oscillator  In  the  rat. 


850. 

Honna*  K.  and  T.  Hiroshige.  Simultaneous  determination  of  circadian  rhythms 
of  locomotor  activity  end  bo<ty  temperature  In  the  rat.  Opn  J.  Physiol.  28: 
159-169,1978. 

Simultaneous  determination  of  the  circadian  rhythms  of  locomotor 
activity  and  body  temperature  weas  carried  out  In  the  rat.  Deep  body 
temperature  was  monitored  continuously  using  a telemetric  device.  The 
circadian  rhythm  of  locomotor  activity  was  characterized  by  clustering 
cf  several  bursts  of  activity  during  the  dark  period.  THe  circadian 
rhythn  of  body  temperature  was  also  characterized  by  bursts  of  small 
fluctuations  which  were  well  correlated  with  those  of  locomotor 
activity.  Correlation  between  the  two  functions  was  such  that  the 
regression  line  expressing  body  temperature  as  a function  of  locomotor 
activity  had  approximately  the  same  slope  for  dark  and  light  periods* 
but  a body  temperature  for  a given  amount  of  locomotor  activity  was 
significantly  higher  during  the  dark  period  than  during  the  light  one. 

After  a prolonged  exposure  to  constant  light*  the  circadian  rhythm 
disappeared  In  both  functions.  Both  showed  bursts  of  fluctuations 
which  were  correlated  with  each  other.  These  results  Indicate  that 
the  bursts  of  body  temperature  Increment  were  dependent  on  those  of 
the  locomotor  activity.  However*  manifestation  of  the  circadian 
rhythm  per  se  of  body  temperature  could  not  be  explained  as  resulting 
excluslvely^rom  the  circadian  fluctuation  of  locomotor  activity. 


851. 

Honma*  K.*  and  T.  Hiroshige.  Decomposition  of  circadian  rhythm  of  plasma 
corticosterone  Into  several  secretion  episodes  by  prolonged  exposure  to  200 
lux  LL  or  by  6-OHDA  treatment  (abstract).  Chronoblologla  6:  111-112*  1979. 

Circadian  rhythms  of  plasma  corticosterone  (Cpd.  8)  and 
locomotor  activity  were  observed  simultaneously  and  longitudinally  In 
Individual  rats.  To  know  a fluctuation  pattern  of  plasma  Cpd.  B*  a 
serial  blood  sampling  from  the  tall  was  performed  at  2 h Intervals  for 
24  h.  Locomotor  activity  was  monitored  by  a non-stress  type  of 
actograph  (Farad  Animex).  Circadian  rhythm  of  locomotor  activity 
free-ran  with  a period  of  25.lt  0.1  h under  200  lux  LL.  After  3 
months  In  LL*  the  circadian  rhythm  became  obscure  and  Instead  several 
bursts  of  locomotor  activity  were  observed  over*  24  h period.  A 
least-squares  spectrum  analysis  revealed  that  occurrence  of  the  burst 
had  a regular  cyclicity  with  a 4-6  h period.  Free-running  circadian 
rhythm  of  plasma  Cpd.  B*  which  was  measured  2 weeks  after  exposure  to 
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LL.  synchronized  well  with  that  of  locomotor  activity*  But 
fluctuation  of  plasma  CPd.  B measured  after  3 months  In  LL  was 
characterized  by  secretion  episodes,  which  showed  good  correlation  In 
their  phase*relat1on  with  burst  of  locomotor  activity'  This 
decomposition  of  the  circadian  rhythms  was  reversible  when  the  animal 
was  returned  to  LO.  Intraventricular  Injection  of  6-OHOA  did  not 
affect  the  circadian  rhythms  of  both  functions  In  LD.  But  when  6-OHDA 
treated  animal  was  exposed  to  200  lux  LL,  the  circadian  rhythm  of 
plasma  Cpd.  B.  decomposed  Into  3 to  4 secretion  episodes  In  only  2 
weeks.  On  the  other  hand,  the  circadian  rhythm  of  locomotor  activity 
continued  to  free>run  under  such  conditions.  These  results  Indicated 
that  a fundamental  unit  of  circadian  rhythm  of  plasma  Cpd.  B was  an 
episodic  secretion,  a regulary  mechanism  which  had  a different 
biochemical  background  from  that  of  circadian  rhythm  and  also 
suggested  that  brain  catechol  ami nergic  neurons  were  Indispensable  for 
circadian  rhythm  of  plasma  Cpd.  B In  200  lux  LL. 


852. 

Honma,  K.,  and  T.  Hiroshige.  Participation  of  brain  catechol  ami nergic  neurons 
In  a self-sustained  circadian  oscillation  of  plasma  corticosterone  In  the  rat. 
Brain  Res.  1980  (submitted  for  publ.'i. 

853. 

Honma,  K.  F.  katabami,  and  T.  Hiroshige.  A phase  response  curve  for  the 
locomotor  activity  rhythm  of  the  rat.  Experlentia  34:  1602-1603,  1978. 


854. 

Honma,  K.,  K.  Wat.nabe,  and  T.  Hiroshige.  Effects  of  parachlorophenyl alanine 
and  5,6-d1hydroxytryptam1ne  on  the  free-running  rhythms  of  locomotor  activity 
and  plasma  corticosterone  In  the  rat  exposed  to  continuous  light.  Brain  Res. 
169:  531-544,  1979. 

Parachlorophenylalanine  (PCPA)  and  5, 6-d1 hydroxy tryptamlne 
(5,6-OHT),  depletors  of  brain  serotonin,  were  administered  to  the  rat 
and  circadian  rhythms  of  locomotor  activity  and  plasma  corticosterone 
were  determined  simultaneously  In  Individual  rats  In  light-dark  cycles 
(LD)  and  In  200  lux  continuous  llght(LL).  Free-running  periods  and 
acrophases  on  the  12th  day  In  LL  (LL12)  were  calculated  by  a least 
squares  spectrum  method.  In  PCPA-treated  rats  which  showed  70S 
depletion  of  brain  serotonin,  circadian  rhythms  of  locomotor  activity 
In  LL  and  of  plasma  corticosterone  and  ACTH  In  LD  disappeared  for 
several  days  after  the  drug  Injection.  Circadian  rhythms  of  locomotor 
activity  reappeared  after  the  LL7  day  and  free-ran  with  a phase  shift. 
Free-running  periods  of  these  rats  did  not  differ  significantly  from 
that  of  control  rats.  However,  the  acrophase  of  PCPA-treated  group  on 
the  LLll  day  was  5 h advanced  as  coiqpared  to  that  of  control. 

Circadian  rhythm  of  plasma  corticosterone  In  the  PCPA-treated  rats 
was  detected  on  the  LL12  day  but  their  peak  times  were  distributed 
around  24:00  h Instead  of  08:00  h observed  In  control  rats.  The 
4,6-OHT-treated  rats  which  showed  only  40t  depletion  of  brain 
serotonin  exhibited  nomal  free-running  rhythms  In  both  locomotor 
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activity  and  plasma  corticosterone  In  LL  and  no  difference  In  the 
acrophases  of  these  functions  on  the  U12  day  as  conpared  to  controls* 
These  results  suggest  that  PCPA  affects  the  circadian  clock  (or 
clocks)  Itself  In  such  a way  that  It  blocks  the  clock  to  free-run  or 
at  least  It  effectively  shortens  the  free-running  periods  of  locomotor 
activity  ond  plasma  corticosterone  In  the  rat. 


85S* 

Hopkins*  H.  A.  et  a1.  Food  and  light  as  separate  entrainment  signals  for  rat 
liver  enzymes.  A;^.  Enzyme  Regul*  11:  169-189*  1972. 

856. 

Hord*  0.  J.*  A.  Lubln*  M.  1.  Tracy*  et  a1.  Feedback  for  high  EE6  alpha  does 
not  maintain  performance  or  mood  during  sleep  loss.  Psychophysiology  13: 
58-61*  1976. 

857. 

Hord*  D.  J.  M.  L.  Tracy*  A.  Lubln  and  L.  C.  Johnson.  Effect  of  self  enhanced 
EEG  aloha  on  performance  and  mood  after  two  nights  of  sleep  loss. 
Psychophyslol.  12:  585-590*  1975. 

Can  the  deleterious  effects  of  acute  sleep  loss  on  performance  and 
mood  be  ameliorated  by  self  enhanced  alpha  activity?  Fourteen  Naval 
volunteers  were  divided  equally  Into  an  experimental  (alpha  contingent 
auditory  feedback)  group  and  a yoked  control  (pseudofeedback)  group. 

All  subjects  received  feedback  plus  performance  and  mood  tests  during 
3 baseline  days  and  following  2 days  and  2 nights  without  sleep. 

Feedback  was  given  45  min  In  the  morning  and  45  min  In  the  afternoon* 
preceding  performance  and  mood  tests.  The  self  enhanced  alpha 
(experimental)  subjects  did  produce  more  alpha  than  the  yoked  controls 
during  all  feedback  sessions  except  for  one  pair  that  was  discarded. 

Of  eleven  measures  that  were  sensitive  to  sleep  loss*  two  performance 
scores  and  one  mood  score  showed  significantly  less  sleep  loss 
decrement  for  the  self  enahanced  alpha  group  (at  the  usual  univariate 
.05  level).  TWo  recall  scores  and  an  anxiety  score  showed  more 
Impairment  for  the  self  enhanced  alpha  group  following  sleep  loss. 

The  differences  were  not  significant,  however*  by  the  conservative 
Dunn  Bonferroni  multivariate  crilterlon*  so  our  results  are  not 
conclusive.  Alpha  enhancement  may  help  maintain  performance  that 
requires  continuous  attention,  such  as  counting  and  auditory 
discrimination*  but  does  not  ameliorate  the  sleep  loss  effect  for 
anxiety*  memory*  and  addition. 

Can  performance  and  mood  during  sleep  loss  be  maintained  by  self 
Induced  high  EEG  alpha  activity?  In  a previous  study,  most  of  the 
performance  and  mood  measures  showed  sleep  loss  Impairment  regardless 
of  EEG  alpha  level*  but  attention  and  reported  sleepiness  were  less 
Impaired  for  the  high  alpha  group  (although  the  differences  were  of 
doubtful  significance).  A constructive  replication  was  carried  out. 

In  Group  A (N-10)  auditory  feedback  was  contingent  on  high  alpha*  and 
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In  Group  B (N*10)  audlu>ry  feedback  MS  contingent  on  low  alpha  and 
low  theta.  All  subjticts  were  repeatedly  mesured  on  auditory 
vigilance*  addition*  Immediate  recall*  and  feelings  of  sleepiness  for 
40  hrs  during  which  no  sleep  was  permitted.  Sixty  min  of  EE6  feeback 
were  given  during  each  block  of  220  min.  Group  A did  produce 
significantly  more  alpha  for  the  first  24  hrs  but  this  difference  as 
not  maintained.  Both  groups  had  significant  sleep  loss  Impairment  on 
all  measures.  There  were  no  significant  differences  between  the 
groups  In  the  amount  of  Impairment.  Self  enhanced  EEG  alpha  activity 
does  not  prevent  Impairment  of  performance  or  mood  during  sleep  loss. 


858. 

Horne*  J.  A.  Binocular  convergence  In  man  during  total  sleep  deprivation. 

Biol.  Psychol  3;  309-19,  1975. 

It  was  proposed  that  binocular  convergence  (lateral  phorla)  for 
near  and  far  vision  would  reflect  the  states  of  visual  function  and 
that  ther  would  be  a progressive  reduction  In  phorla  during  sleep 
deprivation.  Six  young  male  subjects  underwent  two  conditions  of 
sleep  deprivation  on  separate  occasions.  One  condition  Incorporated  a 
high  visual  load  and  the  other  a low  load.  Exercise  and  sound  were 
balanced.  Lateral  phorla  for  near  and  far  vision  was  carefully 
measured*  regularly*  before*  during  and  after  sleep  deprivation.  *t 
was  found  that  a reduction  Inconvergence  (exophorla)  for  both  near  and 
far  vision  became  Increasingly  apparent  with  progressive  sleep 
deprivation*  especially  with  near  vision  and  unde^’  high  visual  load. 
The  near  vision  measure*  which  Included  accommodation  convergence* 
appeared  to  be  more  sensitive  to  sleep  deprivation  generally*  whereas 
far  vision  tended  to  produce  a greater  differentiation  between  the 
conditions.  The  Implications  of  these  findings  for  REM  sleep  and 
oculomotor  Innervation  are  discussed. 


859. 

Horne*  J.  A.  Recovery  sleep  following  different  visual  conditions  during 
total  sleep  deprivation  In  man.  Biol.  Psychol. 4:  107-118*  1976. 

The  findings  of  visual  Impainnent  during  total  sleep  deprivation 
were  used  as  a basis  for  a possible  link  between  vision  and  sleep.  It 
was  proposed  that  the  level  of  visual  load  Imposed  during  sleep 
deprivation  was  an  Important  variable*  and  would  have  a substantial 
effect  upon  recovery  sleep.  Six  young  male  subjects  underwent  two 
conditions  of  64  h of  sleep  deprivation  on  separate  occasions.  One 
conditions  Incorporated  a high  visual  load*  and  the  other  a low  load 
Exercise  and  sound  were  balanced.  All  night  sleep  EEGs  were  taken  for 
two  baseline  nights,  and  also  for  two  recovery  nights  following  each 
condition,  there  was  a significant  Increase  of  stage  4 on  all 
recovery  nights  and  a REM  rebound  on  the  second  recovery  night*  SWS* 
particularly  stage  4*  TST  and  REM  density*  were  significantly  greater 
following  the  high  load.  Implications  of  these  findings  for  sleep 
theories  and  for  sleep  deprivation  research  are  discussed. 
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860. 

Horne,  J.  A.  A review  of  the  bloloelcel  effects  of  total  sleep  deprivation  In 
man.  81o1.  Psychol . 7:  SS-102,  1978. 

861. 

Home,  J.  A.,  C.  6.  Brass,  and  A.  N.  Petti tt.  Circadian  perfomance 
differences  between  morning  and  evening  "types”.  Ergonomics  23;  29-36,  1980* 

Two  groups  of  subjects  Identified  as  either  morning  (N)  or 
evenlng(E)  types,  determined  by  a self-assessment  questionnaire,  were 
measured  for  performance  efficiency  at  a simulated  prooduct1on-11ne 
Inspection  task  given  for  15  sessions  at  different  times  of  tlie  waking 
day.  systematic  fatigue  and  practice  effects  were  minimised  hy  a 
random  presentation  of  these  sessions  over  a series  cf  days.  Although 
there  were  no  significant  within-  or  between-group  changes  with 
circadian  trends  for  Items  erroneously  rejected,  significant 
differences  were  apparent  with  the  number  of  Items  correctly  rejected. 

K types'  correct  rejection  levels  were  significantly  better  than  E 
types'  In  the  morning,  whereas  they  were  worse  <k>t  ing  the  evening. 

Whilst  E types  showed  a steady  Improvement  throughout  the  day,  M 
types  showed  a general  decline.  A post-lunch  dip  In  performance  was 
quite  evident  for  N types,  but  not  for  E types.  In  addition,  the 
circadian  trends  In  correct  rejection  levels  and  body  temperature  were 
highly  positively  correlated  for  E types,  but  a significant  negative 
relationship  between  these  parameters  was  found  for  N types*  These 
findings  are  discussed* 


862. 

Horne,  J.  A. , and  I.  Coyne.  Seasonal  changes  In  the  circadian  variation  of 
oral  temperature  during  wakefulness.  Experlentia  31;  1296-1298,  197S. 

863. 

Horne,  J.  A.,  and  0.  Ostberg.  A self-assessment  questionnaire  to  determine 
momingness-eveninqness  In  human  circadian  rhythms.  Int.  J.  Chronoblol*  4: 
97-110,  1976. 

Research  Into  Individual  differences  In  circadian  rhythms  Is 
revlesed,  particularly  morningness-eveningness.  It  was  hypothesised 
that  extroverts  would  be  Inclined  towards  eveningness  and  Introverts 
towards  morningness.  Forty  eight  subjects  took  regularly  their  oral 
temperature*  Peak  times  were  Identified  from  smoothed  temperature 
curves.  Results  showed  that  extroverts  had  a peak  time  Insignifi- 
cantly later  than  extroverts.  Re-grouping  of  the  data  Into  the 
morningness-eveningness  dimension,  based  upon  the  results  of  a self 
assessment  questionnaire,  showed  that  evening  typas  had  significantly 
later  peak  times  than  morning  types.  Morningness-eveningness  was  not 
significantly  correlated  with  extraversion-introversion,  although 
there  was  a trend.  No  significant  differences  were  found  for  sleep 
lengths  with  either  groupings,  or  of  sleep-wake  habits  within 
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extr«v^rs1on-1ntrovers1on.  Morning  typos  retired  end  arose 
significantly  earlier  than  evening  types*  Although  sleep-wke  habits 
and  extraversion-introversion  help  to  detenalne  peak  tines  there  are 
either  contributory  factors  to  peak  tine  which  appear  to  be  partly 
covered  by  the  questionnaire* 


864 

Horne,  J.  A.  and  0.  Ostberg*  Individual  differences  In  human  circadian 
rhythms.  Biol.  Psychol.  5:  179-190,  1977. 


865. 

Horne,  J.  A.  and  0.  Ostberg.  A self-assessment  questlonaire  to  determine 
momingness-eveningness  In  human  circadian  rhythms  (abstract).  Sleep  Res.  7: 
474-475,  1978. 

866. 

Horne,  J.  A.,  and  J.  N.  Porter.  Time  of  day  effects  with  standardi zed 
exercise  upon  subsequent  sleep.  Electroenceph.  Clin.  Neurviphyslol.  40: 
178-184,  1976.  

The  effect  standardized  exercise  had  upon  sleep  was  studied  with 
eight  subjects.  A pilot  study  assessed  Individual  work  capacity  by 
the  sub-maximal  estimation  of  V02  "“x.  In  the  main  study  each 
subject  performed  the  exercise,  once  a.m.  and  once  p.m.,  on  different 
days.  Sleep  was  scored  Into  stages  and  an  additional  sub-division  of 
stage  2 containing  lO-ZOt  by  time  of  delta.  Comparison  with  baseline 
showed  no  significant  whole  night  changes  with  any  criteria  following 
either  a.m.  or  p.m.  exercise.  After  p.m.  exercise  there  was  a 
significant  Increase  In  stage  3 for  the  first  half  of  the  night.  It 
was  concluded  that  ensuing  wakefulness  following  early  daytime 
exercise  Is  sufficient  for  recovery,  but  late  daytime  exercise  may 
result  In  an  Intrusion  of  recovery  Into  Initial  sleep.  Sleep  Is  not 
seen  to  be  necef  :ary  for  recovery  from  muscular  fatigue* 


867. 

Horton,  B.  J.,  and  C.  E.  West.  Shifting  phase  analysis  correlation  In  the 
determination  of  reproducibility  of  biological  rhythms.  Its  use  In  the  study 
of  patterns  of  rabbit  and  rat  feeding.  J.  Interdlscipl.  Cycle  Res.  8:  65-76. 
1977. 


The  diurnal  feeding  pattern  of  rabbits  has  been  analysed  using  a 
shifting  phase  analysis  correlation.  Measurements  of  feed  Intake  were 
made  at  regular  Intervals  (hourly)  throughout  a cycle  (24  hrs). 
Measurements  were  repeated  8 days  later  at  exactly  the  same  times, 
then  again  after  retarding  the  lighting  cycle  by  6 hrs.  The  da.i  for 
any  cycle  are  compared  with  *nother  by  calculating  correlation 
coefficients  comparing  the  measurements  during  one  cycle  with  those  at 
the  corresponding  times  during  another.  The  data  for  the  second  cycle 
were  all  moved  forward  by  one  hour  and  a new  correlation  coefficient 
calculated.  This  process  was  repeated  until  a shift  of  24  hrs  was 
obtained.  Using  this  procedure  It  was  shown  that  rabbits  have  a 
regular  diurnal  pattern  of  eating,  which  requires  from  8 to  15  days  to 
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adjust  to  a changed  lighting  cycle.  A stu<1y  of  the  Individual  rabbits 
shows  that  all  had  approximately  the  same  pattern  of  eating,  though 
one  was  3 hrs  out  of  phase  with  the  others.  However,  several  had  lost 
their  original  feeding  patterns  after  the  change  In  light  conditions 
and  failed  to  adapt  to  the  new  cycle  within  IS  dtys. 

868. 

Hoshizaki,  T.  Biorhythms  of  a nonhuman  primate  In  space.  In:  Chronoblology. 
edited  by  L.  E.  Scheving,  F.  Halberg,  and  J.  E.  Pauly.  Tokyo:  Igaku  Sholn, 
Ltd.,  1974,  pp.  424-428. 

A significant  circadian  rhytlw  of  catecholamine  excretion  In  nan, 
with  associated  alterations  In  nyocardlal  contractility,  blood 
pressure  and  heart  rate,  has  been  demonstrated.  During  the  6 a.  m,. 
to  9 p.  m.  period  there  was  an  Increase  In  catecholamine  excretion, 
contractility,  and  heart  rate.  During  the  9 p.  m.  to  6 a.  n.  period, 
there  was  a marked  decrease  In  catecholamine  excretion,  with 
concomitant  decrease  In  cardiac  contractility,  blood  pressure,  and 
heart  rate.  These  observations  suggest  that  the  response  to  stress,  of 
the  cardiovascular  system  In  man  may  be  significantly  altered  by  the 
phase  of  the  circadian  rhythm.  Knowledge  of  these  rhythmic  changes 
may  be  of  great  Importance  In  the  understanding  and  proper  treatment 
of  the  patient  with  cardiovascular  disease. 

869. 

Hoshizaki,  T.,  J.M.  McNew,  I.  Sabbot,  and  L.  R.  Adey.  Micturition  patterns  of 
an  unrestrained  chimpanzee  under  entrained  and  free  running  conditions. 

Aerosp.  Med.  43:  149-154,  1972. 

870. 

Howitt,  J.  S.  A.  E.  Hay,  G.  R.  Shergold  and  H.  M.  Ferres.  Workload  and 
fatigue  - In-flight  EE6  changes.  Aviat.  Space  Environ.  Med.  49:1197-1202, 
1978. 


Continuous  recordings  were  made  of  the  EE6  and  ECG  of  one  pilot 
during  a series  of  Instrument  flights  In  a feeder-type  transport 
aircraft.  The  flights  were  arranged  to  contain  epochs  of  distinctly 
differing  levels  of  workload.  In  addition,  some  flights  were  made 
after  a night  of  sleep  deprivation  and  others  were  made  as  the  second 
and  third  flights  of  the  day.  Subjectively,  there  appeared  to  be 
marked  differencs  In  performance  between  the  two  types  of  tired 
flight,  the  EEG  analyses  showed  changes  that  correlated  well  with 
differences  In  workload.  In  the  highest  workload  areas  during  fresh 
flights,  EEG  activity  Increased  by  approximately  a factor  of  4 over 
that  of  the  preflight  resting  values.  This  large  Increase  did  not 
occur  In  the  tired  flights.  Further  experiments  are  planned  using 
flights  In  aircraft  and  In  simulators  using  several  subjects. 
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871. 

Huff.  0.  Th«  blorhythii  question.  In:  Cycles  In  Your  Life.  New  York: 
Norton,  Chapter  9.  1964,  pp.  104-108. 


In  a short  review  of  the  biorhythm  theory,  the  author,  although 
skeptical  about  a theory  that  demands  precise  cycles  with  arbitrary 
periods,  cites  application  of  the  theory  to  medical  practice  and 
accident  prevention. 


872. 

Hughes,  0.  G.,  $.  Folkard,  and  R.  Clfelll.  Adaptation  to  an  8-h  shift  In 
living  routine  by  members  of  a socially  Isolated  community*  Nature  264: 
432-434,  1976. 

The  conclusions  to  be  drawn  from  these  results  are.  In  general, 
very  similar  to  those  based  on  studies  where  the  subjects  have  not 
been  members  of  a socially  Isolated  community*  Even  after  ten 
successive  days  of  an  8-h  shift,  complete  adaptation  had  not  occurred 
In  either  temperature  or  visual  search  performance.  Although  the  other 
performance  measures  showed  no  significant  lack  of  adaptation.  It  Is 
generally  accepted  that  different  rhythms  adapt  to  a time  shift  at 
different  rates,  and  the  adaptation  of  performance  rhythms  may  well  be 
quicker  than  that  of  the  physiological  ones.  The  lack  of  complete 
adaptation  could  be  due  to  the  social  Influences  of  the  six  members  of 
the  camp  v4io  did  not  shift  their  routine,  and/or  to  the  opposing 
light-dark  cycle.  Although  It  has  recently  been  suggested  that  the 
light-dark  cycle  Is  relatively  unimportant  for  man,  this  Is  based  on 
results  using  only  an  artiviclal  light-dark  cycle.  It  Is  quite 
possible  that  the  natural  cycle  Is  a rather  stronger  Zeltbeber  than 
these  studies  would  suggest,  especially  since  In  the  present  stu(1y  the 
contact  between  the  shifted  and  unshifted  members  of  the  camp  was 
minimal. 


873. 

Hume,  I.  I.  Some  Electroplyslologlcal  Studies  of  Sleep  from  Subjects  on 
Varying  Sleep-wakefulness  Schedules.  (Doctoral  ^ssertatloh)  Victoria  Unlv.  of 
Manchester,  IngTand,  l9/8. 
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874. 

Hume,  K.  I.,  and  0.  N,  Mills.  A split  sleep  investigation  of  the  relative 

effects  of  time  of  day  and  duration  of  prior  wakefulness  on  the  sleep  process 

(abstract).  Sleep  Res.  4:  266,  1975. 

875. 

Hume,  K.  I. , and  J.  N.  Mills.  The  circadian  rhythm  of  REM  sleep  (abstract). 

J.  Physiol.  270;  32P,  1977. 

876. 

Hume,  K.  I.,  and  J.  N.  Mills,  REM  sleep  during  simulated  circumglobal  flight. 

J.  Physiol.  271;  52P-53P.  1977. 

We  have  recorded  and  scored  by  conventional  means  (Rechtschaffer  8 
Kales,  1968)  the  sleep  stages  of  an  air  pilot  who,  in  an  isolation 
unit,  first  spent  4 days  on  a normal  schedule  and  was  then  subjected 
to  a series  of  time  shifts  simulating  a long  circumglobal  flight.  His 
temperature  rhythm  appeared  to  be  free-running  (Mills,  Minors  8 
Waterhouse,  1977)  with  a period  of  25.1  hr.  Two  of  his  sleeps  were  of 
only  4 hr  but  the  others  (2  controls  and  8 during  time  shifting)  were 
of  8 hr,  and  we  have  calculated  the  amount  of  REM  in  each  4 hr  of 
sleep,  this  followed  a circadian  rhythm.  The  data  points  are 
insufficient  to  define  the  period  with  precision,  but  are  well 
described  by  an  oscillation  of  amplitude  17  min  and  mean  40  min 
which.  In  controls  and  during  time  shifting,  leads  the  temperature 
rhythm  by  9.5  hr.  The  amount  of  REM  In  the  second  half  of  an  8 hr 
sleep  corresponds  to  this  rhythm  as  closely  as  that  in  the  first  half. 

The  amount  of  REM  thus  seemed  to  depend  upon  an  endogenous  rhythm, 
perhaps  linked  to  that  of  temperature,  and  not  upon  the  habits  of  the 
subject. 


877. 

Hume,  K.  I.,  and  J.  N.  Mills.  Rhythms  of  REM  and  slow-wave  sleep  In  subjects 
living  on  abnormal  time  schedules.  Waking  and  Sleeping  1;  291-296,  1977. 

Polygraphic  records  have  been  obtained  upon  9 subjects  who  took  4 
hours  of  sleep  from  midnight  and  a second  4 hours  at  different  times 
of  day  and  upon  3 subjects  who  for  a fortnight  lived  on  a 21-hour  day. 

The  amount  of  REM  showed  a clear  circadian  rhythm,  with  maximum 
shortly  before  noon  and  minimum  shortly  after  midnight,  and  a weak 
negative  correlation  with  the  duration  of  prior  wakefulness.  The 
amount  of  slow-wave  sleep  was  largely  dependent  upon  the  duration  of 
prior  wakefulness  but  also  showed  a circadian  rhythm  of  low  amplitude, 
with  maximum  in  the  afternoon. 


878. 

Humphrey,  N.  K.,  and  6.  R.  Keeble.  Do  monkeys'  subjective  clocks  run  faster 
in  red  light  than  in  blue?  Perception  6;  7-14,  1977. 
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When  monkeys  are  given  control  of  the  Illumination  In  a testing 
chamber.  It  has  been  found,  under  three  conditions,  that  they  spend 
less  time  with  red  light  than  with  blue.  But  the  results  cannot 
easily  be  explained  In  terms  of  'preference*.  Rather,  the  results 
suggest  that  monkeys  judge 'subjective  time'  to  pass  nearly  twice  as 
fast  In  red  light  as  In  blue. 


879. 

Hunter,  J.  £.  Beware  of  your  critical  days.  Management  World  8;  3-6,  1975. 


880. 

Hunter,  K.  I.,  and  R.  H.  Shane.  Time  of  death  and  biorhythmic  cycles. 
Percept.  Mot.  Skills  48:  220,  1979. 

Chi  square  analysis  of  birth  and  death  records  from  144  male 
veterans  revealed  no  frequencies  of  death  dates  above  chance 
expectation  levels  on  biorhythm  positive,  negative,  or  critical  days. 


881. 

Hunter,  S.  R.  Schraer,  D.  M.  Landers,  E.  R.  Buskirk,  and  0.  V.  Harris.  The 
effects  of  total  estrogen  concentration  and  menstrual  cycle  phase  on  reaction 
tine  performance.  Ergonomics  22:  263-268,  1979. 

882. 

Hyndman,  B.  W.  The  role  of  rhythms  In  homeostasis.  Kybernetik  15:  227-236, 
1974.  


883. 

Igleslas.  R.  A.  Terres,  and  A*  Chavarria.  Disorders  of  the  menstrual  cycle  In 
airline  stewardesses.  Aviat.  Space  and  Environ.  Med.  51:  518-520,  1980. 

Of  200  airline  stewardesses,  39%  underwent  unfavourable  changes 
In  the  menstrual  cycle  after  commencing  aeronautical  activities  while 
11%  who  had  previous  disorders  healed  soon  after  joining  the  compar\y. 
Although  48%  of  the  stewardesses  underwent  changes  In  menstruation 
during  flight.  In  about  half  of  these  the  menstrual  flow  Increased  an 
In  the  other  half  It  decreased  or  disappeared,  only  to  reappear  with 
greater  Intensity  after  the  flight;  38%  of  the  stewardesses  manifested 
suffering  from  pelvic  discomfort  after  long  flights.  Sufficient 
research  In  this  field  has  not  been  done.  Therefore,  It  1$  difficult 
to  trace  the  exact  origin  and  mechanism  of  these  changes  In  the 
menstrual  cycle.  Stress  and  Internal  desynchronization  due  to 
disruption  of  circadian  rhythm  mey  Intervene  In  generating  these 
disorders. 


884. 

Ikeml,  Y.  T.  Nakagawa,  H.  Suematsu  and  U.  Luthe.  The  biological  wisdom  of 
self-regulatory  mechanism  of  normalization  In  autogenic  and  oriental 
approaches  In  psychotherapy.  Psychotherapy  and  Psychosomatics  25:  99-108, 


885. 

Ilmarinen,  J.,  R.  Ilmarinen,  0.  Korhonen,  and  M.  Nurmlnen.  Circadian 
variation  of  physiological  functions  and  their  relation  to  oral  temperature 
(abstract).  In:  Int.  Syinp.  on  Might-  and  Shift-work,  5th,  Rouen,  FR.,  1980, 

p.  II-4. 


886. 

Ilmarinen,  J.,  J.  Rutenfranz,  H.  Kyllan,  und  F.  Klimt.  Untersuchungen  zur 
Tagesperlodik  verschledener  Krelslauf-  und  Atemgrossen  bel  submaximalen  und 
maximal en  Lelstungen  am  Fahrradergometer.  Europ.  J.  Appl.  Physiol.  34: 
255-267,  1975.  

887. 

Indira,  C.  V.  R.,  and  V.  Gopal.  Interaction  of  light  schedule  with  meal 
timing  In  the  regulation  of  circadian  variation  of  body  temperature  rhythm  In 
the  rat.  Indian  J.  Physiol.  Pharmacol . 22:  223-224,  1978. 

Groups  of  healthy  male  albino  rats  of  same  age  In  their  prepuberty 
stage  were  selected  and  maintained  under  standardized  conditions.  One 
group  of  rats  were  kept  ad  libitum  feeding,  the  food  being  available 
around  24  hours  during  natural  day  light  (06.00  to  18.00  hrs)  and 
darkness  (18.00  to  06.00).  These  rats  showed  a series  of  temperature 
oscillation  In  tune  with  the  feeding  times.  From  a morning-minima  of 
98.6*  F during  02.00  to  04.00  hrs  and  a minima  of  98.6'*F  during  09.00 
to  11.00  hrs  to  a peak  of  100.5*  F around  19.00  to  20.00  hrs  after 
which,  It  gradually  came  down  to  follow  the  cycle  again  to  form  a 
rhythm.  Thus  the  Interval  between  the  minima  and  maxima  extended  for 
a fairly  long  period  of  8 to  10  hrs*  The  rats  kept  under  reversed 
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light  conditions  (opposite  of  first  group)  and  fed  for  12  hours  during 
artificial  light  (18.30  to  06.00)  and  kept  unfed  during  artificial 
dark  (06.00  to  18.00)  condition;  thus  the  light  schedule  ms  coupled 
simultaneously  to  feeding  schedule.  These  rats  showed  an  abrupt  rise 
of  temperature  and  high  amplitude,  shortening  the  maxima  and  minima 
Interval  to  2 to  3 hrs  from  a minima  of  97.2^  at  about  16.00  hrs  to  a 
maxima  of  100.5^  at  18.00  hrs.  Thus  coupling  of  light  schedule  with 
feeding  schedule  seems  to  Influence  the  bo<(y  temperature  rhythm. 


888. 

Inoue,  K.,  et  a1.  Influence  of  change  In  feeding  regimen  on  circadian  rhythm 
of  adrenal  cortical  activity*  In  rats  under  various  lighting  conditions. 

Nippon  Nalbunpl  Gakkal  Zasshi  S3;  1054>1064,  1977. 

889. 

Ishibashi,  T.,  and  N.  Kitagawa.  Driving  work  and  effects  of  sletiping  time. 
Hum.  Ergol.  6:  101.  1977. 

890. 

Ismail,  A.  A.  A.,  and  R.  A.  Harkness.  Urinary  testosterone  excretion  In  men 
In  normal  and  pathological  conditions.  Acta  Endocrinol.  56:  469-480,  1967. 


Urine  samples  were  collected  from  6 men  every  24  hours  for  14-26 
days.  Visual  Inspection  of  the  data  revealed  a testosterone  cycle  of 
4-6  and  12  days. 
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891. 

Jackson,  0*  Dysrhythmia.  TWA  Ambassador  6;  32-33,  1973. 

892. 

Jacoby,  J.  H. , E.  Smith,  J.  Sassin,  N.  Greenstein,  and  E.  D.  Weltzman. 

Effects  of  sleep  deprivation  on  the  episodic  release  of  cortisol  and  growth 

homone  In  Macaca  mulatta  (abstract).  Fed.  Proc.  31:  235,  1972. 

Recently  we  reported  that  plasma  cortisol  In  Macaca  mulatta  Is 
secreted  episodically,  with  multiple  major  secretory  episodes 
occurring  during  the  latter  half  of  the  nocturnal  sleep  and  continuing 
Into  the  morning  waking  period  (Neurology  21,  431,  1971).  Growth 
hormone  Is  also  secreted  episodically,  but  unlike  previous  findings  In 
man,  these  episodes  could  not  be  correlated  with  the  onset  of  sleep. 

Monkeys  were  well  acclimated  to  a chair  on  a 12  hour  light-dark 
cycle  with  constant  temperature  and  white  noise.  The  animals  were 
Implanted  with  a chronic  Indwelling  right  atrial  catheter  and  with 
EEG,  EOG  and  EMG  electrodes.  Each  monk^r  was  subjected  to  sleep 
deprivation  for  76  hours.  Blood  samples  were  obtained  every  15 
minutes  for  12  hours  beginning  4 hours  prior  to  the  termination  of 
sleep  deprivation.  Following  sleep  deprivation  there  was  a marked 
elevation  of  plasma  cortisol  concentration  after  sleep  onset  and 
persisting  through  8 hours  of  recovery  sleep  In  3 of  the  4 monkeys. 

The  pattern  of  growth  hormone  release  was  unchanged. 

These  findings  suggest  that  sleep  deprivation  may  have  a different 
hypothalamic-pituitary  response  for  two  different  hormonal  systems. 


893. 

Jensen,  N.  J.  J.  Human  performance,  physiological  rhythms,  and  circadian  time 
relations  (thesis).  Texas  Tech.  University,  1975,  199  pp. 


894. 

Jerlson,  H.  J.  Vigilance:  biology,  psychology,  theory  and  practice.  In: 
Vigilance  Theory,  Operational  Performance,  and  Physiological  Correlates. 

' j1  ted  by  R.  R/Mackle.  N.  Y.:  Plenum  Press,  19//,  pp.z/-4o. 

895. 

Johns,  M.  W.,  D.  W.  Bruce,  J.  P.  Masterton.  Psychological  correlates  of  sleep 
habits  reported  by  healthy  young  adults.  6r.  J.  Med.  Psychol.  47:  181-187, 
1974.  


896. 

Johnson,  D.  A Relationship  of  Selected  Biological  Rhythms  to  Football 
Injuries  (Ph.~D.  Thesis).  llrTversity  of  Utah! 


Chi  square  analysis  was  performed  on  the  relationship  between  the 
3 biorhythm  cycles  and  164  football  Injuries.  «*andomly  divided  Into 
two  groups.  A significant  relationship  (.05)  was  found  between  the 
physical  biorhythm  and  Injuries  In  group  A but  not  group  B.  No 
significant  relationship  between  football  Injuries  and  the  emotional 
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or  Intellectual  cycles  fn  either  group.  The  author  concludes  there 
may  be  a possible  relationship  between  football  Injuries  and  the 
physical  Injuries,  but  this  relationship  was  found  In  only  one  of  the 
two  groups.  Chi  square  analysis  of  the  total  Injury  population  or 
multiple  regression  to  detect  the  possible  presence  of  cycles  In  the 
Injuries  would  have  shed  more  light  on  the  claimed  Injury-physical 
biorhythm  cycle  relationship. 

897. 

Johnson,  J.  T.,  and  S.  Levine.  Influence  of  water  deprivation  on 

adrenocortical  rhythms.  Weuroendocrl nol ogy  11:  268-2/3,  1973. 

896. 

Johnson,  L.  Are  stages  of  sleep  related  to  waking  behavior?  American 

Scientist  61;  326-338,  1973. 

In  this  article,  I would  like  first  to  review  our  work,  and  that 
of  others,  detailing  some  of  the  electrophyslological,  autonomic,  and 
endocrine  activity  during  sleep,  and  second,  to  describe  our  efforts 
to  determine  whether  each  stage  of  sleep  meets  a unique  need  or  has 
specific  recuperative  values.  As  this  review  will  be  oriented  around 
work  from  our  own  laboratory,  mary  areas  of  sleep  research  will  not  be 
covered  - e.  g.  the  extensive  research  In  the  areas  of  biochemistry, 
neurophysiology,  and  neuroanatomy  (for  the  current  status  of  theses 
and  other  areas  of  sleep  research  see  Chase  1972). 


899. 

Johnson,  L.  C.  Psychological  and  physiological  changes  following  total  sleep 
deprivation.  Government  Reports,  Announcements  (Report  No.  AD-737  757,  1972, 

18  pp. 


A review  of  the  literature  on  effects  of  total  sleep  deprivation 
Is  presented.  Cognitive  and  motor  tasks  of  long  duration,  of  low 
subject  Interest  and  without  knowledge  of  results,  are  highly 
susceptible  to  the  effects  of  sleep  loss.  While  marked  behavioural 
and  personality  changes  may  occur  during  prolonged  sleep  loss  (after 
150  hours),  these  changes  are  usually  transient  and  disappear  with 
sleep  In  subjects  who  were  emotionally  stable  before  onset  of  sleep 
loss.  Sleep  loss  £er  ^ does  not  appear  to  always  result  In  chronic 
psychotic  behaviour.  Reports  of  chemical  and  physiological  changes 
were  Inconsistent  and  no  clear  cut  pattern  of  change  has  been  found. 


900. 

Johnson,  L.  C.  The  effect  of  total,  partial,  and  stage  sleep  deprivation  on 
EEG  patterns  and  performance.  In:  Behavior  and  Brain  Electrical  Activity, 
edited  by  N.  Burch  and  H.  L.  Altschuler.  New  York;  Rlenuin,  1973,  pp.  l-3o. 
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901. 

Johnson.  L.  C.  Sleep  loss  and  sleep  deprivation  as  an  operational  problem. 

Government  Reports  Announcements  (Report  No.  AD-  Aol5-640/6GA).«  1974,  10  pp. 

Effects  of  total  sleep  loss,  partial  sleep  loss,  and  sleep  stage 
deprivation  are  reviewed  with  particular  attention  to  performance 
decrement  and  operational  consequences.  Within  the  36-48  hour  range 
of  total  sleep  loss  most  likely  to  be  experienced  by  aircrew 
personnel,  no  consistent  or  uniform  performance  decrement  has  been 
found  In  operational  studies  even  though  laboratory  studies  have 
found  decrement  on  certain  types  of  tasks,  but  marked  Increase  In 
fatigue  Is  a common  problem.  Sleep  loss,  both  total  and  partial, 
tends  to  potentiate  the  circadian  Influence  on  performance  and 
Interact  with  other  stressors  to  enhance  the  stress-induced 
physiological  responses.  Deprivation  of  sleep  stage  REN  or  sleep 
stage  4 produces  no  behavioural  changes  of  operational  consequence. 


902. 

Johnson.  L.  C.  Sleep  disturbance  and  performance.  In:  Slyp.  Wakefulness 
and  Circadian  Rhythm.  Neuilly-sur-Seine:  NATO.  Advisory  Group  for  Aerospace 
Research  and  Development.  AGARD-LS-105.  1979.  pp.  8-1  - 8-17. 

While  the  type  of  sleep  obtained  does  not  appear  to  be  an 
Important  factor  In  performance,  the  time  of  day  the  sleep  Is 
obtained  and  when  the  performance  occurs  are  very  Important. 

Time-of-day  effects  may  be  a more  crucial  factor  In  performance  than 
the  preceding  sleep  patterns.  While  the  effect  of  total  sleep  loss 
becomes  pronounced  after  48  to  60  hours,  consistent  performance 
decrement  following  reduced  sleep  or  fragmented  sleep  has  not  been 
found.  Feelings  of  fatigue,  however,  are  a consistent  finding  In  all 
sleep-loss  studies.  A significant  relation  between  sleep  quality 
(good  vs.  poor  sleep)  and  performance  Is  not  easily  found.  The 
deleterious  effect  of  hypersomnia,  especially  that  due  to  narcolepsy, 
has  been  documented. 


903. 

Johnson.  L.  C.  Sleep  disturbance  In  humans.  In:  Sleep.  Wakefulness  and 
Circadian  Rhythm.  Neuilly-sur-Seine:  NATO.  Advisory  Group  for  Aerospace 

Research  ano  Development.  AGARD-LS-105.  1979.  pp.  4-1  - 4-16. 

Disturbed  sleep  results  In  feelings  of  fatigue  and.  usually.  In 
Impaired  performance  regardless  of  whether  the  disturbed  sleep  Is  due 
to  excessive  noise  or  a chronic  sleep  disorder.  In  addition  to  noise 
some  other  environmental  factors  that  disturb  sleep  are  temperature, 
unscheduled  operational  demands  that  fragment  sleep  time,  rotating 
shift-work  schedules,  and  operational  requirements  that  result  In  air 
travel  across  several  time  zones.  While  appropriate  attention  to 
sleep  logistics  may  minimize  the  environmental  causes  of  disturbed 
sleep,  resolution  of  the  disturbed  sleep  of  those  with  sleep  disorders 
Is  more  difficult.  The  focus  In  sleep  disorders  must  be  on  the 
Individual.  The  major  sleep  complaint  Is  Insomnia,  not  enough  sleep, 
usually  due  to  prolonged  sleep  latency.  A more  serious  medical 
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problem,  however,  m^  be  the  complaint  of  excessive  daytime  sleep  or 
hypersomnia.  Most  patients  with  complaints  of  hypersomnia  are  usually 
diagnosed  as  having  narcolepsy  or  sleep  apnea.  Relative  to 
narcolopsy,  sleep  apnea  (episodes  of  respiratory  arrest  during  sleep) 
has  only  recently  received  attention.  In  addition  to  a sleep  problem, 
sleep  apneic  patients  nuy  have  hypertension  and/or  cardiac  arrhythmia. 


904. 

Johnson,  L.  C.,  and  W.  L.  Macleod.  Sleep  and  awake  behavior  during  gradual 
sleep  reduction.  Percept.  Mot.  Skills  36:  87-97,  1973. 

Two  young  adults,  1 male  and  1 female,  reduced  their  total  sleep 
time  by  30  min.  every  2 wk.  from  an  Initial  7.5  hr.  to  4 hr.  The 
4-hr.  regimen  was  maintained  for  3 wk.  and  then  ad  11b.  sleep  was 
permitted.  A third  S withdrew  from  the  study  at"1Ehe  4.5-hr.  period. 
Dally  sleep  and  nap  Togs  reflected  the  difficulty  In  maintaining  the 
restricted  sleep  schedule  after  the  6-hr.  period.  EEG  sleep  records 
Indicated  earlier  onset  of  REM  sleep  at  5.5  hr.  but  there  were  no 
changes  In  other  measures.  At  4 hr.,  a marked  Increase  In  stages  3 
and  4 was  present  with  a decrease  In  REM  and  stage  2 sleep.  M^  and 
performance  measures  showed  changes  beginning  at  the  4. 4-hr.  sleep 
regimen.  Follow-up  reports  Indicate  both  £s  have  maintained  a sleep 
schedule  1 to  2 hr.  below  their  baselines. 


905. 

Johnson,  L.  C.,  and  P.  Naltoh.  The  Operational  Consequences  of  Sleep 
Deprivation  and  Sleep  Deficit.  I(eu1ny-Sur-Se1ne,  PR.:  WTo,  Advisory  Group 
for  Aerospace  Research  and  Development,  AGARD-AG-193,  1974,  44po. 

Effects  of  total  sleep  loss,  partial  sleep  loss,  and  sleep  stage 
deprivation  are  reviewed  with  particular  attention  to  performance 
decrement  and  operational  consequences.  Within  the  36-48  hour 
range  of  total  sleep  loss  most  likely  to  be  experienced  by  aircrew 
personnel,  no  consistent  or  uniform  performance  decrement  has  been 
found  In  operational  studies  even  though  laboratory  studies  have  found 
decrement  on  certain  types  of  tasks.  Of  major  Importance  are  the  type 
of  task,  the  setting  In  which  the  task  Is  to  be  performed,  and  the 
Individual.  Physiological  changes  are  minimal  during  moderate  sleep 
loss,  but  mood  changes  are  clearly  noticeable.  The  most  likely  sleep 
problems  for  aircrew  members  are  those  associated  with  disruption  of 
sleep-wakefulness  cycles  and  partial  sleep  loss.  Consistent 
performance  decrement  Is  difficult  to  find,  but  marked  Increase  In 
fatigue  1$  a common  problem.  Sleep  loss,  both  total  and  partial, 
tends  to  potentiate  the  circadian  Influence  on  performance  and 
Interact  with  other  stressors  to  enhance  the  stress-induced 
physiological  responses.  Deprivation  of  sleep  stage  REM  or  sleep 
stage  4 produces  no  behavioral  changes  supportive  of  earlier  beliefs 
that  these  two  stages,  especially  stage  REM,  were  necessary  for 
effective  waking  behavior. 


268 


906. 

Johnson,  L.,  P.L*  Naltoh,  A.  Lubln,  and  J.  Noses.  Sleep  stages  and 
performance.  In:  Aspects  of  Human  Efficleyyi  Diurnal  Rhythw  and  Loss  of 
Sleep,  edited  by  W.  K Colquhoun.  TrocTofa  symposium,  ^rasbourg,  Fr., 
T97U7  London:  English  Univ.  Press,  1972,  pp.  81 >100. 

907. 

Johnson,  L.  C.,  P.  Naltoh,  J.  N.  Noses,  and  A.  Lubln.  Variations  In  sleep 
schedules*  Waking  and  Sleeping  1:  133*137,  1977. 

908. 

Johnson,  L.  C.,  H.  L.  Williams,  J.  A.  Stern.  Notivatlon,  cognition,  and  sleep 
work  factors:  central  and  autonomic  nervous  system  Indices.  Repr.  from  Human 
Factors  In  Long  Duration  Space  Flight.  Washington:  Natl.  Acad,  of  Scl.,  Rpt. 
ffMRU*72*13,  1972,  pp.  IOS'IjO* 

Possible  problems  for  human  performance  In  relation  to  three 
factors,  motivation,  cognition,  and  sleep,  are  discussed.  Of 
particular  concern  In  the  discussion  are  possible  alterations  In 
cycles  of  sleeping  and  waking,  and  In  physiological  patterns  of  sleep 
and  the  potential  effects  of  such  changes  on  vigilance,  memory, 
problem  solving,  and  motivation.  An  attempt  Is  also  made  to 
anticipate  the  effects  of  prolonged  spaceflights  on  the  central  and 
autonomic  nervous  systems. 


909. 

Johnson,  P.  C.,  W.  R.  Carpenter,  T.  B.  Driscoll,  C.  K.  LaPInta,  J.  A.  Rummel, 
and  C.  F.  Sawin.  Passenger  fluid  volumes  measured  before  and  after  a 
prolonged  commercial  Jet  flight.  Aerosp.  Ned.  43:  6*7,  1972* 

Interstitial  and  Intracellular  fluid  volumes  were  calculated  from 
measured  plasma  volume,  extracellular  volume  and  total  body  water 
of  six  subjects  before  and  after  a 24-hour  commercial  overseas 
flighty.  No  change  occurred  In  these  spaces  or  In  peripheral 
hematocrit  or  total  serum  protein  concentration.  The  subjective 
feeling  of  dehydration  and  the  actual  swelling  of  the  lower 
extremities  characteristically  found  among  passengers  at  the  end  of  a 
long  trip  of  this  type  seems  to  represent  a shift  In  body  fluids  to 
the  dependent  portions  of  the  body  rather  than  water  retention  or  a 
decrease  In  the  Intravascular  water  volume. 


910. 

Johnsson,  A.,  and  J.  N.  Froberg.  Work  schedules  and  biological  clocks. 

Amblo.  4:  46-50,  1975. 

The  relationship  between  Internal,  24-hour  rhythms  (so-called 
biological  clocks)  and  external  work  schedules  Is  now  attracting 
Increased  attention.  The  article  gives  a brief  survey  of  the  field. 
Lowered  performance  and  other  difficulties  for  the  Individual  occur 
when  the  Internal  rhythms,  normally  synchronized  to  the  rhythms  of  the 
society,  experience  a change  of  the  extern*,  working  conditions.  Such 
a change  Is  Imposed  on  persons  who  should  work  after  a Jet  flight 
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across  time  zones  or  on  shift  sorters.  These  changino  working 
conditions  and  their  effects  on  bo4y  and  mental  functions  are 
surveyed.  Some  fields  which  urgently  need  to  be  Investigated  are 
listed. 

911. 

Jones.  B.  J.  The  Effects  of  F1fty*three  Hours  of  Continuous  Wakefulness  on 
the  Perfomance  of  Balance.  Strength,  and  Psychomotcr  Tasks  by  College  Females 
(thesis).  Florida  State  University,  1972,  116  pp. 


An  Investigation  of  performances  of  selected  tasks  during  a period 
of  prolonged  wakefulness  was  conducted.  The  tests  utilized  were  as 
follows:  One  Foot  Lengthwise  Balance  Test  for  static  balance.  Naximal 
Grip  Strength  Test  for  static  strength.  Vertical  Jump  Test  for  audi- 
tory reaction  time,  and  Purdue  Pegboard  Both-Hands  Test  for  finger 
dexterity.  Also  Included  were  three  paper-pencil  tests:  Large 
Tapping  Test  for  wrist- finger  speed.  Pursuit  Aiming  Test  for  coordina- 
tion. and  Minnesota  Clerical  Number  Comparison  Test  for  peirceptlon. 

Female  college  undergraduates  volunteered  to  particlate.  The 
experimental  group  subjects  (N«10)  remained  awake  for  fifty-three 
continuous  hours  while  the  control  group  subjects  (N«10)  followed 
their  norma)  living  routines.  The  subjects  were  familiarized  with 
tests  and  procedurfs  prior  to  the  actual  testing  periods*  All 
subjects  were  tested  at  tuelve-hour  Intervals  beginning  at  12:(X)  n.  on 
Frldey  and  ending  at  12:00  n.  on  Sunday*  Experimental  group  subjects 
also  took  the  tests  at  6:00  a*:>u  on  Saturday  and  Sunday  and  at 
6:00  p.m.  on  Saturday. 


912. 

Jones,  B*  N.,  Circadian  variation  In  the  effects  of  alcohol  on  cognitive 
performance.  Quart . J.  Stud.  Alcohol  35:  1212-12)9,  1974. 

Alcohol  Impaired  cognitive  performance  more  when  subjects  were 
tested  In  the  afternoon  than  It  did  In  the  evening;  the  alcohol 
metabolism  rate  was  also  faster  In  the  afternoon. 


913. 

Jones.  G.  M.  Some  aviation  medical  aspects  of  flight  crew  fatigue.  Ottawa  , 
Ontario:  Defence  Research  Board.  ORS  Aviation  Med*  Res.  Unit  Rept.  1:  158- 
170,  1971. 

Quantitative  measurements  on  the  time  course  of  decrement  In 
skilled  pilot  performance  for  a specific  environment  as  a result  of 
performing  that  task  are  reported.  Numerical  data  specify  how 
decrement  takes  place,  and  on  the  basis  of  results  obtained  from  an 
adequately  representative  population  It  Is  possible  to  predict  the 
human  operator  function  and  to  set  time  limits  for  the  particular 
circumstances  of  the  specific  conditions.  It  Is  shown  that  subjective 
changes  go  hand  In  hand  with  objectively  demonstrated  performance 
decay.  Sensible  criteria  for  rest  periods,  aircrew  accomodations  In 
low  noise  environments,  physiological  observations  of  bo<(y  responses 
are  all  measures  to  control  operator  fatigue. 
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914. 

Jones,  J.  K.,  L.  L.  Grevet,  end  J.  R.  Bradford.  University  Interdisciplinary 
research  panel.  Conf.  Military  RequIreMents  for  Research  on  Continuous 
Operations  (Humn  Engineering  Labs),  Lubbock,  TX.,  1971,  pp.  20-38. 

915. 

Jones,  W.  L.  Habitability  In  long-duration  space  missions.  Environ.  Biol. 
Med.  2;  29-45,  1973.  

916. 

Jouvet,  M.,  J.  Mouret,  6.  Chouvet,  and  M.  Siffre.  Towards  a 46  hour  d«v  In 
nan.  In:  The  Neurosciences  - Third  Stodv  Prooran.  edited  by  F.O.  Schmitt 
and  F.6.  Wor3en‘!  tambr'idge.  Mass.:  HIV  pr«s$,  19M,  pp.  491-497. 

917. 

Jovanovic.  U.  J.  The  sleep  Msklnq  cycle  In  healthy  test  subjects.  Waking 
and  Sleeping  1:  7-26,  1976.  

918. 

Jovanovic,  U.  J.  Chronoblologic  aspects  of  psychiatry*  Waking  and  Sleeping 
1:  335—341,  1977. 

Our  own  experiences  and  those  of  other  authors  are  discussed  with 
respect  to  the  Infradlan,  circadian  and  ultradlan  biorhythm  In 
schizophrenic  manic-depressive,  exogenous-psychotic  and  neurotic 
patients.  A consequence  of  the  results  Is  the  newly  founded  Center 
for  Chronomedicine  which  enables  a simultaneous  control  of  all 
diagnostic  and  therapeutic  approaches  In  psychic,  psycho-psychic, 
psycho- soma  tic  and  somato-psychic  patients. 


919. 

Jovanovic.  U.  J.  Chronoblology  and  sleep-waking-cycle.  Waking  and  Sleeping 
1:  225-226,  1977.  “ 

920. 

Jure,  E.  How  transit  firms  cut  crash  risks.  Pittsburgh  Press..  April  26, 
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921. 

KsIHna*  H.  Ergebnis  elner  Prufung  des  Einflusses  des  sog*  Bforbythnus  auf 
Unfall disponlertbelt.  (Results  of  test  of  the  Influence  of  so-called 
biorhythms  on  accident  disposition).  Ole  Med.  Welt  27:  1423-1424,  1961* 

From  birth-dates  of  100  drivers  who  caused  accidents,  the  Austrian 
Society  for  Biorhythm  calculated  biorhythm  phases;  the  authors  then 
correlated  expected  and  actual  frequency  distributions  of  accidents 
and  founo  that  there  were  no  significant  differences;  they  concluded 
that  there  was  no  Influence  of  biorhythm  phases  on  the  disposition  to 
cause  an  accident. 


922. 

Kanimura,  K.,  and  A.  Endo.  Olumal  rhythm  of  body  temperature  In  night-shift 

workers.  Jap.  J.  Hyg.  24:  497-501,  1970. 

Ten  employees  working  In  three  shifts  at  an  Iron  foundry  were 
under  survey.  Workers  were  engaged  In  each  shift  for  five  days. 

Diurnal  change  of  the  sublingual  temperature  was  determined  for  a 
successive  20  days  In  summer  as  well  as  In  winter.  Regardless  of 
season,  diurnal  change  of  body  teamerati^re  In  workers  on  the  first 
shift  (7:30-15:30)  revealed  a similar  pattern  t?  that  of  men  In  an 
ordinary  routine.  In  the  second  (15:30-22)  and  the  third 
(22:30-7:30)  shifts,  however,  body  temperatures  rose  at  night.  Body 
temperature  was  higher  at  7 a.  m.  on  the  third  shift,  conpared  to 
other  shifts.  It  was  subsequently  striking  that  an  amplitude  of  the 
diurnal  change  was  narrow  In  this  shift.  Under  the  circumstances, 
there  were  some  working  for  more  than  8 years,  whose  body 
temperature  was  lower  In  the  afternoon  than  In  the  morning.  It  can 
therefore  be  Inferred  that  biological  rhythm  Is  lower  In  thi? 
afternoon  than  In  the  morning.  T;  can  therefore  be  Inferred  that 
biological  thythm  Is  prone  to  synchronize  with  the  rhythmic  pattern 
of  the  mode  of  living  of  these  particular  workers.  For  the  most 
part,  however,  no  Inversion  of  the  rhythmic  change  was  seen  on 
night-shift  work.  On  each  shift,  the  mean  temperature  on  a day 
tended  to  be  higher  In  summer  than  In  winter,  and,  especially,  a 
significant  <^1fference  between  seasons  was  observed  on  the  third 
shift.  In  Its  mean  and  variance,  n amplitude  of  diurnal  change 
had  the  tendency  to  lessen  on  the  third  shift  compared  to  other 
shifts  regardless  of  season. 


923. 

Kapen,  S.,  R.  M.  Boyar,  J.  W.  Finkelstein,  L.  Heilman,  and  E.  0.  Weltzman. 
Effect  of  sleep-wake  cycle  reversal  on  luteinizing  hormone  secretory  pattern 
In  puberty.  J.  Clin.  Endocrinol  Met^b.  39:  293-299,  1974. 

924. 

Kapen,  S.,  R.  M.  Boyar,  L.  Heilman,  and  E.  0.  Weltzman.  The  relationship  of 
LH  secretion  to  sleep  In  women  during  the  early  follicular  phase: , effects  of 
sleep  reversal  and  a 3-hour  ultradlah  sleep-waxe  rhytran  (abstract).  Sleep 
Res.  3:  169,  1974. 
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925. 

Kapen,  S.,  R.  N.  Boiyar,  L.  Heilman,  E.  D.  Wettzman.  The  relationship  of 
luteinizing  hormone  secretion  tc  sleep  In  women  during  the  early  follicular 
phase:  efects  of  sleep  reversal  and  a prolonged  three-hour  sleep-wake 
schedule.  Cl 1 n.  Endocrl nol . Metab.  42:  1031-1040,  1976. 

926. 

Karacan,  I.,  et  al.  The  effect  of  caffelnated  and  de-caffelnated  coffee  on 
nocturnal  sleep  In  young  adult  males  (abstract).  Sleep  Res.  2:  64,  1973. 

927. 

Karcher,  A.  Blorhythmlkdokumentatlon  zur  Blorhythmik-Tagung.  (Blorhythnrfc 
documentation  to  the  biorhythm  day).  Bobllngen,  Sept.  12-15,  1975. 

928. 

Karcher,  A.  Blorhythmlc-Wlederentdeckung  und  Bestatigung  der  Flless'schen 
Perlodenlehre.  (Biorhythmic  rediscovery  and  verification  of  the  Flless' 
periodic  theory).  Paper  presented  at  the  Interdisciplinary  Cycle  Research 
Symposium,  7th  Germany,  1976. 

The  author  recorded  his  physical  condition  for  4 years.  Out  of 
1461  days  he  was  In  poor  physical  condition  on  59  of  which  43  or  791 
occurred  on  physical  or  emotional  critical  biorhythm  critical  days 
(27*  expected  by  chance).  Since  the  author  apparently  was  aware  of 
biorhythm  theory,  the  possibility  of  psychosomatic  Illness  Induced  by 
suggestibility  form  biorhythm  awareness  cannot  be  ruled  out  here. 


929. 

Karpov,  Y. , and  V.  Bodrov.  Rezhim  Truda  1 Otdykha  Kosmonavtov.  (The  work  and 
rest  regime  of  cosmonauts.)  Aviatslya  1 Kosmonavtika  5:  38-39,  1973.  (transl. 
In  Engl,  by  NASA,  NASA  H F-14,  990.,  1973.) 

The  cosmonauts  work-rest  regime  Is  discussed  as  a major  problem  to 
be  overcome  In  spaceflight.  The  authors  cite  the  essential 
phytclogical  and  physiological  problems  encountered  (disruptions  of 
the  sleep-wakefulness  cycle,  poor  quality  sleep,  loss  of  appetite)  and 
possible  ways  to  overcome  them.  They  provide  a chart  for  a crew 
regime  for  crews  consisting  In  various  numbers  of  persons.  They  state 
that  the  schedule  In  the  chart  does  not  provide  optimum  results. 


93C. 

Kass,  D.  A.,  F.  M.  Sulzman,  C.  A.  Fuller,  and  M.  C.  Moore-Ede. 
Interrelationship  of  ultradlan  and  circadian  periodicities  In 
excretion  (abstract).  Fed.  Proc.  37:  332,  19/8. 

931. 

Katz,  S.  Biorhythm:  guide  to  life  or  a fad  for  "numerical  nuts".  The 
Toronto  Star,  p.  A3,  April  2,  1977. 
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932. 

Kawakami,  M.,  K.  Seto,  and  F.  Klmura.  Influence  of  repeated  linmoblHzatlon 
stress  upon  the  circadian  rhythmlclty  of  adrenocorticold  biosynthesis. 
Neuroendocrlnology  9:  207-214,  1972. 

Experiments  were  carried  out  to  elucidate  the  Influence  of  stress 
on  the  diurnal  change  In  adrenal  biosynthetic  activity  during 
controlled  24  h light-dark  cycles.  Groups  of  10  rabbits  were 
decapitated  at  3 h Intervals  and  the  adrenal  glands  were  rapidly 
removed  for  measurement  of  Incorporation  of  14c-l  acetate  Into 
corticosterone  and  17-hydro)^cort1costerone  In  their  homogenates. 
Iimoblllzatlon  stress  was  applied  for  6 h a day*  The  Influence  of 
repeated  stress  was  studied  In  the  rabbits  after  exposure  to  7 
Immobilization  stresses.  A diurnal  rhythm  was  observed  In  the 
activity  of  adrenocorticold  biosynthesis  In  non-stressed  ribbits,  with 
a maximum  of  18:00  and  a minimum  at  midnight.  When  the  animals  were 
exposed  to  6 h of  Immobilization,  the  adrenocortical  biosynthetic 
activity  showed  an  80S  Increase  at  3 h and  a 40t  Increase  at  6 h;  the 
normal  rhythmicity  was  thus  disturbed  by  exposure  to  this  stressor. 

The  lowest  level  was  observed  at  9:00  on  the  next  morning,  with  a 9 h 
delay.  Where  rabbits  were  repeatedly  exposed  to  Immobilization  for  7 
days,  the  7th  Immobilization  did  not  affect  the  diurnal  rhythmicity  of 
adrenal  biosynthetic  activity  or  Induce  Its  facilitation. 

933. 

Kawamura,  H.,  and  N.  Ibuka.  The  search  for  circadian  rhythm  pacemakers  In  the 
light  of  lesion  experiments.  Chronoblologla  S:  69-88,  1978. 

"^34. 

Keating,  R.  J.,  and  R.  K.  Tcholaklan.  In  vivo  patterns  of  circulating 
steroids  in  adult  male  rats.  I.  Variations  In  Testosterone  during  24-  and 
48-hour  standard  and  reverse  light/dark  cycles.  Endocrinology  104:  184-188, 
1979.  

The  In  vivo  pattern  of  circulating  testosterone  (T)  was 
Investigated  In  unrestrained,  conscious.  Individual  male  rats  during 
24  and  48  h.  Each  rat  exhibited  Its  own  characteristic  in  vivo  diurnal 
rhythm.  When  these  Individual  patterns  of  T were  grouped,  the  mean 
values  also  showed  a diurnal  rhythm.  Although  T concentrations  peaked 
during  the  dark  and  light  periods,  the  most  pronounced  elevations  were 
observed  during  the  dark  periods  (2200-2330  h).  Lowest  T 
concentrations  were  noted  during  the  late  dark  and  early  light  hours 
(0400-0700  h).  The  pattern  of  T was  further  Investigated  by  extending 
the  experimental  period  to  48  h.  The  pattern  of  T observed  during  the 
I first  24  h repeated  Itself  on  the  second  day,  thus  demonstrating  the 

authenticity  of  this  diurnal  rhythm.  Rats  were  exposed  to  a reversed 
light/dark  regimen  which  resulted  In  an  Inversion  of  the  rhythm  of 
circulating  T.  These  data  Indicate  that  the  pattern  of  circulating  T 
Is  not  Intrinsically  regulated. 
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935. 

Keesey,  R.  F.  , and  T.  L.  Powley.  Kypothalamfc  regulatfon  of  boc|y  wetght.  Am. 
Set.;  63:  558,  1979. 

936. 

Ketl.  T.  U.  Chronotherapy:  unused  opportunttles.  Muench  Med.  Wochenschr. 
120:  880-881.  1978. 

937. 

K 'ne<V,  R.  S.,  and  R.  A.  Bruns.  Some  practical  considerations  for 
f ‘rmance  testing  In  exotic  environments.  In:  Higher  Mental  Functioning  In 

Op^atlonal  Environments,  edited  ty  B.  0.  Hartman.  ueulily-Sur-selni:  naT0,~ 

Advisory  Oroup  for  Aerospace  Research  and  Development,  A6ARD-CP-181,  1976,  pp. 
C4-1  - C4-6. 


Correlations  and  normative  data  for  six  different  versions  of  an 
auditory  vigilance  task  are  presented  for  approximately  100  college 
graduate  males  each.  In  addition,  other  findings  about  effects  on 
performances  of  (a)  practice,  (b)  distractions,  (c)  threat  stress,  and 
(4)  aircraft  turbulence  are  discussed.  Instructions  for  apparatus 
construction,  scoring,  and  administration  are  reported. 


938. 

Kerkhof,  G.  A.,  H.  J.  Korving,  H.  M.  M.  Wlllemse,  V.  0.  Geest.  Diurnal 
differences  between  norning-type  and  event ng-type  subjects  (abstract).  In: 
Int.  Symp.  on  Night-  and  Sh1ft»work,  5th,  Rouen,  FR.,  1980,  p.  VIII-4. 

939. 

Kerkhof,  G.  A.,  H.  J.  Korving,  V.  D.  Wlllemse,  H.  M.  M.  Geest,  W.  J.  Rietveld. 
Diurnal  differences  between  morning-type  and  evening-type  subjects  In 
self-rated  alertness,  body  temperature,  and  the  visual  and  auditory  evoked 
potential.  Neuroscl.  Lett.  16:  11-15,  1980. 

On  the  basis  of  their  score  on  a morningness/eveningness 
questionnaire  9 extreme  morning-type  (M-type)  and  9 extreme 
evening-type  (E-type)  subjects  wer«  selected.  During  a morning  and  an 
evening  session  both  groups  performed  a reaction-time  task  with  a 
visual  and  an  auditory  warning  signal.  The  results  showed  the  (1) 

M-types  have  a higher  self-rated  activation  level  In  the  morning  than 
In  the  evening,  while  E-types  show  the  reverse;  (11)  M-types  do  not 
differ  in  oral  temperature  between  the  two  sessions,  while  E-types 
show  an  Increased  temperature  In  the  evening;  (111)  M-types  have  a 
larger  N1-P2  amplitude  of  the  visual  and  auditory  AEP  In  the  morning 
than  In  the  evening,  while  E-types  show  the  reverse. 


940. 

Kess,  E.,  Aktlvltatzelt,  Zeltschatzung,  subjektiye  vigllanz  and  akustlsche 
Reaktionzelt  bel  frel  1 au fender  (^IrcaHlan  rhythmlk  unter  iiteltgeberausschluss. 
(Ph.o.  Di sserlaTlorTir  narPurg,  Germary,  Is/if. 
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941. 

Kha1eque»  A.,  and  P.  Verhaegen.  Circadian  effects  In  short  cycled  repetitive 
work  In  a two  shift  system.  In:  Int.  Symp.  on  Night-  and  Shift-work,  5th, 

Rouen.  FR..  1980,  p.  VII-7. 

The  work  activity  of  15  high  and  12  low  performance  cigar  making 
machine  operators  was  studied.  The  number  and  duration  of  machine 
stoppages  were  registered  with  a precision  of  0.1  s during  an  entire 
morning  (6-14  h)  and  an  entire  afternoon  (14-22  h)  shift.  Low 
performance  workers  stop  their  machines  nearly  3 times  more  and  2 
times  longer  than  high  performance  workers.  In  the  high  performance 
group  the  number  of  stoppages  and  still  more  their  duration  display  a 
circadian  variation.  This  Is  not  the  case  In  the  low  performance 
group.  This  difference  may  be  explained  by  assuming  that  high 
performance  subjects  are  almost  always  functioning  at  their  maximum 
capacities.  Other  data  supporting  this  explanation  are  briefly 
discussed. 


942. 

Khalil,  T.  M. , and  C.  N.  Kurucz.  The  influence  of  "biorhythm"  on  accident 
occurrence  and  performance.  Ergonomics  20:  389-398,  1977. 

The  authors  studied  63  FAA  aircraft  accidents  with  pilot  at  fault, 
105  unscreened  death  dates  from  the  Alachua  County  Health  Dept.,  181 
traffic  accidents  with  driver  at  fault  from  the  State  Public  Safety 
Dept.,  worst  and  best  performance  event  times  for  23  college  swimmers, 
and  12-16  weekly  bowling  scores  from  25  student/faculty  bowlers  in 
relation  to  the  three  biorhythm  cycles  coded  to  phase  (low  = -3,  high 
* +3).  Frequencies  of  observed  and  expected  events  or  performances 
were  analyzed  by  chi  square.  Out  of  12  single  event  categories 
(aircraft  accident,  auto  accident,  death  dates,  total  events  for  each 
of  3 biorhythm  cycles),  only  one  showed  a significant  difference  (auto 
accident,  intellectual  critical).  No  significant  differences  were 
obtained  between  expected  and  observed  event  frequencies  and  biorhythm 
phases  or  combination  of  biorhythm  phases.  Swimming  performance 
levels  were  opposite  of  biorhythm  theory  prediction  (e.g,,  high 
performance,  low  physical  cycle)  but  no  significant  differences  were 
obtained  between  expected  and  observed  event  frequencies  and  biorhythm 
phases  or  phase  combinations.  No  significant  differences  were 
obtained  between  bolwing  scores  and  biorhythm  phases  or  combination  of 
phases.  The  authors  conclude  that  no  evidence  obtained  in  this  study 
favors  the  biorhythm  theory*  Previously  obtained  favorable  results 
may  have  resulted  from  psychological  factors  (e.g.,  suggestion). 

Note:  selection  of  only  best  and  worst  swimming  performances 

represents  a biased  statistical  sample. 


943. 

Khoe,  W.  H,  Treatment  of  jet  lag  syndrome  by  acupuncture.  £. 
Acupuncture,  6:  135-137,  1978. 

Jet  lag,  meaning  the  disruption  of  circadian  daily  rhythm,  is  by 
now  a recognized  air  travel  syndrome  that  tourists,  business 
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executives  and  government  officials  alike  must  confront  when  flying 
across  more  than  a few  time  zones.  The  most  familiar  rhythm  is  sleep 
and  wakefulness.  But  the  body  has  many  biological  "clocks,"  some 
daily,  some  on  other  schedules.  Bo((y  tenperature,  the  digestive 
process,  the  liver,  and  secretions  of  hormones  such  as  adrenalin  all 
have  their  own  timetables.  Some  rhythms  are  triggered  by  external 
signals  such  as  the  dark-light  cycle;  others  are  triggered  internally. 
So  complex  is  the  problem,  it  appears  unlikely  that  medical  science 
will  soon  devise  an  effective  drug  to  stave  off  or  redress  Jet  lag. 
However,  it  was  found  that  a few  well-chosen  acupuncture  points  will 
cause  90*  of  the  patients  suffering  from  Jet  lag  to  become 
asymptomatic  within  S to  10  minutes  after  a brief  treatment,  while  the 
remaining  10*  of  patients  will  invariably  lose  all  their  symptoms 
within  24  hours. 


944 

Khokhlova,  0.  S. , Investigation  of  the  state  of  human  lip<d  metabolism  in 
sealed  chambers.  Kosm.  Biol.  Aviakosm.  Med.  8(3):  69-73,  1974. 

A study  was  made  of  lipid  metabolism  (the  content  of  total  lipids, 
total,  esterified  and  free  cholesterol  and  the  percentage  of  its 
esterification,  the  content  of  phosphorus  and  phospholipids, 
percentate  of  o-  and  8-lipoproteins)  in  the  blood  serum  of  16  healthy 
male  subjects  in  the  age  group  23-24  years.  The  test  subjects  were 
confined  to  pressurized  chambers  and  consumed  diets  designed  for 
one-month  space  missions.  These  conditions  did  not  bring  about 
noticeable  changes  in  the  mentioned  parameters  of  lipid  metabolism. 

An  altered  diurnal  rhythm  caused  a significant  increase  in  the  content 
of  total  lipids,  cholesterol  and  beta-lipoproteins. 


945. 

Kidera,  G.  Does  anybocfy  know  what  time  it  is?  Mainl inert  152,  1978. 

946. 

Kiesswetter,  E.,  P.  Knauth,  R.  Weirer,  W.  Theissen,  and  J.  Rutenfranz. 

Reentrainment  of  rectal  temperature  and  heart  frequency  (hiring  days  with 

experimental  night  shifts  and  morning  or  afternoon  sleep  (abstract).  In: 

Int.  Symp.  on  Night-  and  Shift-work,  5th,  Rouen,  FR.,  1980,  p.  I 1-5. 

947. 

Kihlstrora,  J.  E.  A monthly  variation  in  beard  growth  in  one  man.  Life 

Sci.  10,  part  II:  321-324,  1971.  

Beard  growth  was  measured  in  one  man  for  6 months.  Serial  chi 
square  analysis  revealed  a significant  33  day  period.  This  studjy  is 
limited  by  the  use  of  one  subject  and  the  lack  of  periodicity  analysis 
which  might  have  revealed  the  extent  of  variability  in  the  period. 


948. 

Kikuchi,  M. , M.  Katayama,  S.  Tsukidate,  and  K.  Fujita.  Influence  of  phase 
shift  in  light-dark  cycle  on  immune  response  of  mice  (abstract).  Int.  J. 
Biometeorol.  243:  168,  1979.  “ 
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We  have  reported  that  primary  Immunization  with  sheep  red  blood 
cells  on  the  4th  day  after  Inversion  of  light-dark  cycle  caused  a 
marked  suppression  of  circulating  antibody  level  In  mlce»  antibody 
production  being  suppressed  only  In  the  Initial  phase  of  Immune 
response.  In  the  present  study  secondary  Imnune  response  after 
Inversion  of  the  lighting  regimen  was  observed.  Materials  and  methods 
were  similar  as  that  of  previous  report.  Seven  d^s  after  the  primary 
Immunization  with  sheep  red  blood  cells  (6.6xl0^/9“'^^  secondary 
Inmunlzatlon  (3.3xl07/g6W)  was  carried  out,  and  the  time  course  of 
the  Immune  response  thereafter  was  Investigated  by  hemagglutination 
reaction,  hemolytic  reaction  and  number  of  plaque  forming  cells  In  the 
spleen.  The  results  Indicate  that  llght-lnverslon  exerts  little 
Influence  on  the  Immune  response  after  secondary  Immunization.  By 
treatment  of  the  serum  with  2-mercaptoethanol  It  was  revealed  tht  19S 
antibody,  not  7S  was  suppressed  after  the  Inversion  of  light-dark 
cycle  In  the  primary  Immunization. 


949. 

Kimball,  K.  A.,  and  0.  B.  Anderson.  Aviator  performance:  biochemical, 

physiological,  and  psychological  assessment  of  pilots  during  extended 
helicopter  flight.  In:  The  Role  oi'  the  Clinical  Laboratory  In  Aerospace 
Medicine,  edited  by  R.  G.  Roxler,  “Reull  ly-Sur-Selne:  NaTo,  "Mvlsory  Group 

for  Aerospace  Research  and  Development,  A6ARD-CP-180,  1976,  pp.  A8-1  - A8-15. 

This  Investigation  was  conducted  tA  provide  Information  on  the 
psychological  and  performance  effects  of  extended  helicopter  flight. 
Measurements  of  biochemical,  physiological  and  psychological 
parameters  were  obtained  and  compared  with  inflight  performance 
measures  obtained  by  the  USAARL  Helicopter  Inflight  MonltArlno  System. 

Six  rotary  wing  aviators  performed  extended  dally  flight  missions  for 
a period  of  five  days.  In  addition,  when  not  flying,  various 
psychological  tests  were  administered.  Physiological  and  biochemical 
monitoring  were  conducted  throughout  the  five  day  period.  Ss  were  on 
a controlled  diet  and  slept  approximately  three  hours  each  night.  This 
paper  presents  preliminary  findings  with  regard  to  performance, 
biochemical,  physiological  and  psychological  parameters. 


950. 

Kitay,  D,  S.  Wokicload  and  aviation  safety.  Presentation  to  the  Aerospace 
Medical  Association,  Washington  D.C.,  1979,  14  pp. 

951. 

Kjel lander,  G.  Sklftgang  vail ar  problem:  storcatsnlng  pa  utblldnlng, 

{Health  care  In  a large  company:  shiftwork  causes  problems.)  Lakartibnlngen 

72:  3632-3634,  1975. 

952. 

K jell  berg,  A.  Effects  of  sleep  deprivation  on  performance  of  a 
problem-solving  task.  Psychol . Rep.  37;  479-485,  1975. 
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The  effects  of  sleep  deprivation  on  problem-solving  performance 
was  tested.  It  was  hypothesized  that  sleep  deprivation  could  affect 
this  kind  of  performance  by  lowering  S's  standard  of  performance, 
provided  that  the  task  was  such  that  S found  failures  acceptable.  S 
would  then  spend  less  time  on  task  and  leave  more  Items  unsolved.  In 
two  experiments  one  group  Informed  that  there  were  Insoluble  Items  was 
compared  with  a group  who  did  not  get  this  Information.  The  results 
from  Exp*  1 Indicated  a lowered  standard  of  performance  In  both  groups 
after  sleep  deprivation.  This  was  Interpreted  as  a result  of  the 
extreme  difficulty  of  the  task  was  made  easier  and  only  the  group  who 
knew  about  the  Insoluble  Items  spent  less  time  on  the  task  after 
deprivation. 


953. 

Kjellberg.  A*  Sleep  deprivation  and  some  aspects  of  performance:  I. 

problems  of  arousal  changes.  Waking  and  Sleeping  1;  139-143,  1977. 

The  aim  of  the  author's  three  papers  (see  also  the  next  two 
abstracts)  Is  to  provide  a theoretical  framework  within  which  the 
performance  effects  of  sleep  deprivation  (SO)  can  be  Interpreted. 
Primarily,  the  possibilities  and  limitation  of  Interpretations  In 
terms  of  dearousal  are  evaluated.  An  Interactional  view  of  the 
relation  between  SO  and  arousal  Is  proposed.  Implicating  that  the 
effect  of  SO  Is  to  potentiate  the  dearousing  effect  of  situational 
variables.  The  habituation  of  the  orienting  response  Is  suggested  as 
one  possible  mediator  of  this  effect.  The  reported  attentlonal 
effects  of  SO  are  shown  to  be  1 nterpretabl e within  this  framework. 

The  effects  of  motivational  factors  on  the  SO  effects  the  SO  effect  on 
motivation  are  discussed,  leading  to  the  conclusion  that  habituation 
cannot  be  the  only  mediator  of  the  dearousing  Influence  of  the 
situation,  and  that  an  analysis  In  operant  terms  must  be  added. 
Furthermore,  the  motivational  effects  of  SO  demonstrate  the 
limitations  of  the  present  arousal  analysis  of  the  effects.  The 
Implications  for  future  GD  research  are  discussed. 


954. 

Kjellberg,  A.  Sleep  deprivation  and  some  aspects  of  performance:  II.  Lapses 

and  other  attentlonal  effects.  Waking  and  Sleeping  1:  145-148,  1977. 

In  the  first  part  of  the  author's  review  he  has  discussed  the 
problems  of  a«*ousa1,  arousal  changes,  physiological,  behavioral  and 
subjective  effects  of  sleep  deprivation.  There,  theoretical  points  of 
view  of  sleep  deprivation  has  been  explained.  At  the  end  of  the  paper 
he  has  tried  to  comment  on  the  above  mentioned  problems  and  to  draw 
conclusions  from  the  material  obtained.  This  part  deals  with  the 
problems  of  lapses,  the  lapse  hypothesis  and  some  other  attentlonal 
effects  of  sleep  deprivation.  In  the  next  article  he  passes  on  the 
motivation  In  connection  with  sleep  deprivation. 
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955. 

KJellberg,  A.  Sleep  deprivation  and  some  aspects  of  performance:  III. 

motivation,  comment  and  conclusions.  Waking  and  Sleeping  1:  149-195,  1977. 

While  In  the  first  part  of  the  author's  review  the  problem  of 
arousal  and  arousal  changes  after  sleep  .deprivation  have  been 
discussed,  the  second  part  has  dealt  with  lapses  and  other  attentlonal 
effects.  The  present  part  reviews  the  problems  of  motivation  and 
performance  In  connection  with  sleep  deprivation.  All  three  parts  of 
the  review  are  commented  and  conclusions  are  drawn  from  the  complete 
material.  The  references  for  all  three  parts  are  given. 


956. 

Kjellberg,  A.  Sleep  deprivation,  arousal,  and  performance.  In:  Vigilance 

Theory.  Operational  Performance,  and  Physiological  Correlates,  edited  by  R.  R. 

Mackle.  New  York:  Plenum  Press,  l9z7,  pp.  529-535. 

The  aim  of  this  paper  Is  to  provide  a theoretical  framework  within 
which  the  performance  effects  of  sleep  deprivation  (SO)  can  be 
Interpreted.  Primarily,  the  possibilities  and  limitations  of 
Interpretations  In  terms  of  dearousal  are  evaluated.  An  Interactional 
view  of  the  relation  between  SO  and  arousal  Is  proposed,  suggesting 
that  the  effect  of  SO  Is  to  potentiate  the  dearousing  effect  of 
situational  variables.  The  habituation  of  the  orienting  response  Is 
suggested  as  one  possible  mediator  of  this  effect.  The  reported 
performance  effects  of  SD  are  shown  to  be  Interpretable  within  this 
framework.  The  effects  of  motivational  factors  on  the  SD  effects  and 
the  SD  effect  on  motivation  are  discussed,  leading  to  the  conclusion 
that  habituation  cannot  be  the  only  mediator  of  the  dearousing 
Influence  of  the  situation,  and  that  an  analysis  In  operant  terms  must 
be  added. 


957. 

Klein,  K.  E.  Prediction  of  flight  safety  hazards  from  drug  Induced 
performance  decrements  with  alcohol  as  reference  substance.  Aerosp.  Med.  43: 
1207-1214,  1972.  

958. 

Klein,  K.  E.  The  prediction  of  flight  safety  hazards  from  drug  Induced 
performance  decrements  with  alcohol  as  reference  substance.  In:  In  Use  of 

Medication  and  Drugs  In  Flying  Personnel.  NATO,  Advisory  Group  for  Aerospace 
Research  A Oevelopmnt,  A^D-CP-lba,  1972,  pp*  A9-1  - A9-12. 

A modification  of  CNS  activity  resulting  In  a decrement  of 
performance  Is  the  most  unwanted  side  effect  of  drugs  In  active  flying 
personnel.  To  make  use  of  the  benefits  of  neuro-pharmacological 
agents  for  crew  members,  or  estimate  the  hazard  of  drug 
self-administration  It  Is  necessary  to  predict  the  maximum  allowable 
concentrations  compatible  with  flight  safety.  This  Is  usually  done 
from  laboratory  experiments;  however,  different  laboratories  using 
different  techniques  often  come  to  divergent  results.  Moreover,  there 
Is  practically  no  change  that  these  results  will  ever  be  validated  In 
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terms  of  a dose*hazard*re1at1onsh1p  derived  from  operational 
conditions.  It  Is  consequently  desirable  to  Introduce  a reference 
substance  for  which  a quantitative  validation  of  Hs  operational 
meaning  has  already  been  made.  Such  a substance  Is  ethanol.  - 
Therefore  a procedure  Is  described  where  hazard  prediction  Is 
accomplished  with  ethanol  as  reference  substance  through  the  following 
steps:  (a)  Evaluation  of  dose-effect-relatlonship  for  ethanol  with 

the  performance  test  to  be  applied  In  toxicological  drug  studies;  (b) 
Examination  of  drugs  with  the  "alcohol  calibrated"  test  method; 
estimation  of  the  alcohol  Intoxication  level  equipotentlal  In  Its 
performance  decrement  to  the  drug«dose  studied  ("alcohol-equivalent); 
definition  of  the  operational  significance  of  the  drug  Induced 
performance  changes  by  reference  to  the 

Intoxicatlon-hazard-relatlonship  established  for  alcohol;  prediction 
of  the  "critical"  drug-dose  through  extrapolation.  - The  technique  Is 
applicable  to  quantitative  test  methods;  It  allows  a direct  comparison 
of  toxicological  studies  performed  with  different  methods.  - Results 
with  sedative,  neuroleptic,  tranquil Izing  and  stimulating  drugs  are 
demonstrated  and  the  advantage  and  limitations  of  the  reference 
procedure  discussed. 


959. 

Klein,  K.  E.  Current  scientific  papers  from  the  Aerospace  Medical  Institute. 

Deutsch  Forschungs-  und  Versuchsanstalt  fuer  Luft-  und  Raumfahrt,  Bad 

Godesberg  (West  Germany):  Report  No.  OLR-FB-73-15,  1973,  253  pp. 

Results  of  experimental  research  are  reported.  The  following 
topics  are  dealt  with:  selection  and  work  load  of  air  crews,  effects 

of  transmeridian  flights  on  circadian  rhythms,  vibrations, 
acceleration,  and  weightlessness,  effects,  and  hyperbaric  and 
underwater  medicine  and  technology. 


960. 

Klein,  K.  E.  The  resynchronization  of  dian  performance  rhythms  following 
transmeridian  flights  — observed  In  two  groups  of  students.  Aktuelle 
Forschungsarle,  aus  dem  Inst,  fuer  Flugmed.,  1973,  pp.  117-132.  (English 
Translation  - Paris:  European  Space  Agency.  In:  Current  Res.  Work  at  the 
Inst,  for  Aerospace  Med.,  1974,  pp.  123-139.). 

The  phase  shifts  In  diurnal  performance  rhythms  were  observed  In 
two  groups  of  8 students  after  transmeridian  flights.  It  was  found 
that  the  phase  resynchronization  takes  between  4 to  5 days,  and  Is  of 
an  exponential  character.  Its  speed  Is  determined  by  the  following 
factors:  the  direction  of  the  flight  (west-east  resynchronization 

took  longer  than  vice-versa),  the  nature  of  the  tested  biologic 
functions,  and  activity  modes  of  the  subject  after  the  flight. 


961. 

Klein,  K.  E.  Spacelab  and  beyond  - Bioscience  problems  In  the  use  of  space. 
Deutscher  Luft-  und  Raumfahrtkongress,  Darmstadt,  Nest  Germany: 

OGLR  Paper  78-129,  1978,  23  pp. 
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The  paper  defines  some  of  the  new  goals  for  bioscience  research  In 
view  of  man's  entering  upon  a stage  of  utilization  of  space*  There 
Is  need  for  studies  on  the  mechanisms  of  disturbance  factors  In  space: 
development  of  protective  and  auxiliary  equipment  for  long  stays  In 
space  and  readjustment  to  terrestrial  conditions;  and  research  Into 
techniques  for  production  of  biological  material  In  space.  The  new 
type  of  astronaut  will  be  the  payload  expert,  performing  medical  and 
psychological  experiments  In  space* 

962. 

Klein,  K*  E*,  H.  Bruner,  E*  Gunther,  0*  Joyy,  J*  Mertens,  A*  Rimpler,  and  H* 

H*  Wegmann.  Psychological  and  physiological  changes  caused  by 
desychronizatlon  following  transzonal  air  travel.  In:  Aspects  of  Human 
Efficiency:  Diurnal  rhythm  and  loss  of  sleep.  (Proc.  or  the  Symposium, 
Strasbourg,  FR,  1970)  Edited  by  W.P.  Colquhoun.  London:  English  Universities 
Press,  1972,  pp.  295-305. 

963. 

Klein,  K.  E.,  H.  Bruner,  H.  Holtmann,  H.  Rehme.  J.  Stolze,  W.  0.  Steinfoff, 
and  H.  M,  Wegmann.  Circadian  rhythm  of  pilots'  efficiency  and  effects  of 
multiple  time  zone  travel.  Aerosp.  Med.  41:  125-132,  1970. 

964. 

Klein,  K.  E.,  R.  Herrmann,  P.  Kukllnski,  and  H*  M.  Wegmann.  Circadian 
performance  rhythms;  Experimental  studies  In  air  operations.  In:  Vigilance: 
Theory.  Operational  Performance  and  Physiological  Correlates,  edited  by  k.  K. 
Mackle,  New  Voric:  PI enum  Press , 1 977 , pp . 111-132. 

The  significance  of  circadian  performance  rhythms  In  air 
operations  Is  discussed.  This  Is  done  mainly  by  presenting  results 
from  seven  experimental  studies  In  which  behavioural  and  physiological 
variables  were  evaluated  before  and  after  transmerldlan  flights. 

In  general,  performance  was  assessed  every  second  post-flight  day 
In  three  hourly  Intervals  round  the  clock.  Between  midnight  and  0900 
hours  subjects  were  allowed  to  sleep  but  were  aroused  twice  for 
testing  for  a period  of  45  minutes.  In  all  but  one  study  eight 
healthy  male  students  In  the  range  of  23  to  26  years  of  aoe  served  as 
subjects:  In  one  experiment  ten  pilots  participated  In  flight 
simulator  tests. 

The  results  confirmed  the  Idea  that  alertness,  or  the  readiness  to 
be  mentally  active,  belongs  to  these  biological  properties  of  the 
living  organism  which  are  subject  to  circadian  variation.  This  rhythm 
persists  after  transmerldlan  flights  and  Is  de-  and  resynchronized 
with  with  the  environmental  time  cues  similar  to  other  biological 
cycles.  It  so  happens  that  a low  performance  output  temporarily 
occurs  In  the  local  daylight  phase  Instead  of,  as  usual,  during  the 
dark  phase.  Results  given  In  the  pertinent  literature  reveal  an 
alternating  effect  on  performance  of  operationally  Induced  fatigue  and 
the  circadian  rhythm;  this  Interference  Is  of  operational 
significance.  Recommendations  are  given  for  flight  scheduling 
considering  circadian  rhythm  effects. 
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965. 

Klein,  K.  E.,  and  H.  tl.  Wagmann.  Die  Resynchronization  dinner  Lelstungs 
rhyywen  nach  transmerldlanen  Flugen.  (tne  resynchronization  of  dian 
pepfonnanceThythms  following  transmerldlan  flights  - observed  In  two  groups 
of  students).  Bon*Bad  Godesberg:  Deutsche  Forschungs-  und  Versuchsanstalt 
fur  Luft-  und  Raumfahrt.  Institute  fur  Flugmedlzln,  OLR-FB  73>15,  1973,  p. 
117-132.  (transl.  In  Engl,  by  European  Space  Research  Organisation, 
ERSO-TT-35,  p.  123-139,  1974.) 

The  phase  shifts  In  diurnal  performance  rhythms  were  (^served  In 
two  groups  of  8 students  after  transmeridian  flights.  It  was  found 
that  the  phase  resynchronization  takes  between  4 to  5 dkys,  and  Is  of 
an  exponential  character.  Its  speed  Is  determined  by  the  following 
factors:  the  direction  of  the  flight  (»«st-east  resynchronization 
took  longer  than  vice-versa),  the  nature  of  t^?  tested  biologic 
functions,  and  activity  modes  of  the  subject  arcer  the  flight. 

966. 

Klein,  K«  E. , and  H.  Wegmann.  The  resynchronization  of  human  circadian 
rhythms  after  transmeridian  flights  as  a result  of  flight  direction  and  mode 
of  activity.  In:  Chronoblology,  edited  by  L.  E.  Scheving,  F.  Halberg  and  J. 
Pauly.  Tokyo;  Igaku  Sholn,  Ltd.,  1974,  pp.  564-570. 

Translongitudinal  air  travel  1$  followed  by  an  Instant 
desynchronization  of  human  circadian  rhythm  and  periodic  time  cues  In 
the  envl ronment.  The  abnormal  phase  relationship  Involves 
physiological  and  psychological  processes.  Times  olven  In  literature 
for  the  normalization  of  (b'srhythmic  changes  are  discordant,  and 
experiments  conducted  In  the  more  recent  past  have  also  failed  to 
reveal  consistent  trends  In  human  response  pattern. 

Flight  direction,  number  of  time  zones  crossed,  specific  nature  of 
biological  functions,  stress  of  travelling  and  the  mode  of  post-flight 
activity  are  factors  which  have  been  said  to  Influence  Intensity  and 
duration  of  sysrhythmic  symptoms.  However,  so  far  we  are  still 
lacking  data  showing  the  exact  time  course  of  circadian 
rhythms  resynchronization  under  the  different  conditions.  Therefore, 
from  the  data  of  transatlantic  flight  studies  we  have  conputed  the 
postfllght  course  of  adaptation  of  body  tenperature  and  performance 
rhythm  as  It  was  observed  with  differences  In  flight  direction  (East 
versus  West)  and  mode  of  activity  (Indoor  versus  outdoor). 


967 

Klein,  K,  E. , and  H.  N.  Wegnamm.  Oas  Verhalten  des  menschllchen  Organlsmus 
belm  Zeltzonenflug.  1.  Die  circadTiffe  ktytniinr  uFlI'inre  beiyffCffrohfzaiioft  2. 
Die  Folgen  der  PesynchrofTTzatlon.  Portscnr.  MedTTj;  1407-1414,  1497-iSb^, 


The  responses  of  the  human  organism  to  time  zone  flights  are 
reviewed.  ITie  physical  and  biological  principles  which  are  connected 
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with  4ysrhythm1c  phenomena  followino  shifts  of  environmental  time  cues 
are  demonstrated.  Quantity  ond  quality  of  desynchronotic  syihptoms  of 
psychophyslological  functions  are  described  and  their  significance  for 
performance  ability  and  health  of  the  air  traveler.  In  particular  with 
respect  to  the  possibility  of  pathogeneous  effects,  are  discussed. 

Indications  are  given  for  a chronoblologically  appropriate 
behavior  and  prophylactic  measures  for  the  prevention  of  dysrhythmlc 
symptoms  are  presented. 


968. 

Klein,  K.  E.,  and  H.  M.  Wegmann.  Das  Verbal  ten  des  menschllchen  Organisms 
belm  langstredcenflup  uber  mehrere~7e1tzonen  (YheTehavlor  of  the  human 
organism  in  long  distance  fllqhts  over  many  time  zones).  Oer  Kassenarzt  23; 
4280-4290,  1977.  

Dally  biological  rhythms  are  disturbed  In  long  distance  flights 
over  many  time  zones.  This  results  In  the  endogenous  rhythm  not  being 
able  to  follow  the  sudden  change  of  environemental  periodicity  with 
the  same  speed.  The  Inner  clock  precedes  a western  flight  and  follows 
an  eastern  flight;  It  Is  desynchronized  with  reference  to  the 
Zeitgeber  of  external  conditions.  Body  functions  and  behavior  are 
concerned  with  these  changes.  There  can  be  transient  changes  In 
hormone  secretion  and  body  temperature  aand  deviations  In  performance 
capability  to  unusual  times  of  d^y  and  Indications  of  sleep 
disturbances.  The  length  and  extent  of  desynciironizatlon  depends  upon 
different  factors  such  as  the  number  of  time  zones  crossed,  the 
direction  of  flight,  postshift  behavior.  Individual  adaptability  and. 

In  this  connection,  age  and  personality.  The  transposition  to  the  new 
destination  results  In  a dissociation  of  biological  rhythms  In  these 
different  bodily  functions  which  are  carried  out  with  different  rates 
of  change:  noradrenaline,  adrenaline  and  the  7-hydro)^cort1- 
costerold,  which  need,  on  the  average,  from  3.5  to  11  days  to 
normalize  after  a flight  across  6 time  zones. 

The  resynchronization  of  the  circadian  rhythm  after  time  zone 
flights  Is  a physiological  adaptation  process  to  the  altered 
envirnoment.  Residual  detrimental  consequences  have  not  been  found. 
There  Is  therefore  no  specific  contraindication.  It  should  be 
considered  that  the  time  zone  change  presents  an  additional  stress  for 
the  organism  which  can  be  of  Inqiortance  for  all  patients  and  older 
passengers. 


969. 

Klein,  K.  E. , and  H.  N.  Wegmann.  The  "biorhythm*  theory.  In:  Sleep, 
Wakefulness  and  Circadian  Rhythm.  Neu111y-&r-Se1ne:  NATO,  AdvTSbTy  Group 

for  AerospacTTesearch  and  Development  AGARD-LS-105,  pp.  2-10  to  2-17,  1979. 

The  authors  provide  a short  but  excellent  review  of  the 
biorhythm  theory  from  a scientific  point  of  view.  The  point  out  that 
the  biorhythm  theory  was  commercialized  before  It  had  been  tested 
seriously  for  Its  biological  and  mathematical  foundations  and  cite 


stnMMir1«s  froM  15  Investigative  papers  which  refute  cl  alms  of 
blorhythM  proponents  that  biorhythm  cycles  can  be  used  to  predict 
performance  and  reduce  accidents.  Reported  successful  application  of 
biorhythm  theory  to  accident  reduction  Is  criticized  as  possibly 
resulting  from  the  power  of  suggestion  In  people  who  believe  In  the 
method.  The  suggestion  that  biorhythm  theory  csu'd  be  used  to  reduce 
accidents  In  flying  personnel  Is  potentially  dangerous:  "It  could 
bring  about  a psychosis  by  association  that.  Indeed,  might  make  pilots 
reluctant  to  fly  on  a critical  day*  especially  a multiply  critical 
day*. 
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Klein,  K.  E. , and  H.  K.  Wegmann.  Circadian  rhythms  In  air  operations.  In: 
Sleep,  Wakefulness  and  Circadian  Rhythm.  Neullly-Sor-Selne;  MATO,  Advisory 
firoup  for  Aerospace*l^search  and  development  AGAR0*LS-105,  1979,  pp.  10-1  - 
10-25. 


After  a brief  Introduction  Into  the  principles  of  environmental 
and  biological  timing  systems,  the  phenomenology  of  post-transmerldlan 
de-  and  resynchronization  of  circadian  rhythms  Is  presented.  Its 
control  and  modification  through  external  and  Internal  facto/s 
described,  and  the  consequences  for  human  efficiency  a::d  health 
discussed.  There  are  conclusions  drawn  as  to  possIbU  relief 
measures,  and  formulas  and  models  reviewed  which  try  to  define  the 
physiological  processes  and  predict  work  loads  occurring  In 
transmeridian  flight  operations.  Finally,  the  Incorporation  of 
circadian  rhythm's  aspects  Into  rest/duty  regulations  Is  described. 


971. 

Klein,  K.  E.,  and  H.  N.  Wegmann.  Circadian  rhythms  of  human  performance  and 
rpesi stance:  operational  aspects.  In:  Sleep.  Wakefulness  and  Circadian 
Rhythm.  Neu111y-Sur-Se1ne:  NATO,  Advisory  uroup  fof  AdiftiSplRif  Keseardh  and 
Development,  AGARO-LS-105,  1979,  pp.  2-1  - 2-17. 

972, 

Klein,  K.  E.,  H.  N.  Wegmann,  G.  Athanassenas,  H.  Hohlweck,  and  P.  Kukl Inski. 
Air  operations  and  circadian  performance  rhythms.  Aviat.  Space  Environ.  Med. 
47:  221-230,  1975.  

This  paper  reviews  experimental  results  and  pertinent  data  from 
the  literature  on  circadian  behavioural  rhythms  and  their 
modifications  through  various  factors.  Including  maqy  of  the  authors 
own  studies*  If  time  zones  are  crossed,  waking  activity  1$  Imposed  on 
circadian  sleep  time.  Thus,  the  natural  depression  of  alertness 
transiently  coincides  with  the  high  demand  of  the  operator's  mental 
functioning  during  the  day.  At  the  same  time,  subjective  experiences 
of  travelers  on  time  zone  flights  show  a oeneral  degradation  of 
performance  efficiency  as  a consequence  of  circadian 
desynchronization.  The  circadian  effect  upon  performance  levels  Is 
then  reviewed.  The  range  of  oscillation  In  performance  rhythms  Is 
between  12  and  25t  of  the  24  hr.  mean.  The  task  load  also  determines 
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size  «nd  significlance  of  circadian  performance  oscillations.  Pilots 
with  higher  performance  levels  In  a flight  simulator  were  also  those 
with  smaller  circadian  amplitudes.  Practice  results  In  circadian  mean 
Increases  while  the  amplitude  decreases.  Motivation  may  reduce 
amplitude  through  ''extra  effort".  Performance  maxima  and  minima  occur 
at  different  times  In  the  circadian  cycle  In  extraverts  (evening  types) 
and  Introverts  (morning  types)*  The  sleep-wake  cycle  modifies  the 
rhythm  so  that  nocturnal  performance  decrement  Is  less  pronounced  If 
subjects  In  the  laboratory  are  kept  awake  Instead  of  aroused  for 
testing.  Transmeridian  flights  result  In  reduced  rhythm  amplitude  and 
often  reduced  24  hr.  means  In  performance.  Significant  performance 
degredatlon  occurs  at  one  part  of  the  day  but  overall  significant 
performance  decrements  occurs  after  east-bound  travel.  These  results, 
otalned  from  passengers.  Imply  that  performance  changes  In  aircrews, 
subject  to  fatigue,  could  be  even  greater.  Amount  of  perfonnance 
decrement  and  duration  of  rephasal  Is  proportional  to  the  number  of 
time  zones  crossed.  Differences  between  east  and  west  bound  travel 
are  not  due  to  scheduling  since  variation  In  waking  periods  does  not 
affect  the  course  of  de  and  rc-synchronizatlon  fs  long  as  a sleep 
period  of  normal  length  precedes  the  following  duty  period.  About 
25-30%  of  transmeridian  travellers  have  no  or  few  difficulties 
adjusting  to  tine  zone  change.  In  the  author's  studies,  rephasal  took 
0-6  days  In  the  westward  direction  and  2.9-17.9  days  In  the  eastward 
direction  after  crossing  6 time  zones.  Social  Interaction  can  reduce 
rephasal  from  11-12  days  to  €-7  days.  The  authors  recommend  taht 
aircrews  should  commence  night  duty  only  well-rested  and  that  maximum 
efficiency  should  not  be  demanded  at  the  time  of  maximal  behavioral 
depression.  A short  layover  between  outgoing  and  homegolng  flights  Is 
recommended,  to  avoid  rhythm  adaptation  to  the  new  environment.  After 
return  to  home  base,  prolonged  rest  time  should  be  granted  for 
normalization  of  the  circadian  syst&u  Sleep  time  should  be  provided 
within  the  natural  depression  of  the  circadian  rhythm.  Aircrews 
sensitive  to  rhythm  phase  shifts  <nd  sleep-wake  cycle  alternations 
should  perhaps  be  excluded  by  selection.  Since  adjustmegt  to  time  cue 
shifts  becomes  more  difficult  with  age,  operating  on  trsnsmerldlan 
routes  should  be  restricted  In  pilots  older  than  45-5D  ^>4rs. 


973. 

Klein,  K.  L. , H.  M.  Wegmann,  and  B.  I.  Hunt:  Desynchronization  of  body 

temperature  and  performance  circadian  rhythm  as  a result  of  outgoing  and 
homegolng  transmeridian  flights.  Aeresp.  Med.  43:  119-132,  1972. 

974. 

Klein,  K.  E.,  H.  M.  Wegmann,  and  P.  Kukl Inski.  Athletic  endurance  training  - 
advantage  for  space  flight?:  The  significance  of  physical  fitness  for 
selection  and  training  of  soacelab  crew>.  Aviat.  Space  Environ.  Med,  48: 
215-222,  1977,  
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975. 

Klein,  K,  E«,  H.  E.  Wegmnn,  J.  Vem1kos*Oane111s,  and  C.  M.  Winget.  The 
effects  of  transnerldlan  flight  on  human  performance  and  physiological 
rhythms.  OFVLR  Aerospace  Medical  Institute  Report.  NASA-Ames  Research 
Center,  Moffett  Field,  Ca.,  1977,  22  pp. 

976. 

Klein,  M.  Biorhythm  In  the  Prediction  of  Heart  Attacks  Suffered  by  American 
Business  Men.  Joplin,  Mo.:  Missouri  State  Southern  College,  1973. 

977. 

Kleltman,  N.  Studies  on  the  physiology  of  sleep.  VIII.  Olumal  variation  In 
performance,  £.  Physiol.  104;  449-456,  1933. 

978. 

Kleltman,  N.  Sunset,  night  and  day  shifts  for  "round-the-clock"  production. 
Steel.  2;  72,  1942. 

Amongst  others.  It  Is  proposed  that  the  shifts  of  work  starting 
at  the  hours  4-12-20  should  be  standard  as  this  conforms  to  the  body 
temperature  cycles  of  the  workers. 


979. 

K1 Inker,  L,  and  0.  Weiss.  Model  concept  concerning  some  control  principles  of 
the  human  organism.  Ill  - Seasonal  adaptation.  Zeltschrlft  fuer  Meteorologle 
23;  170-173,  1972.  

The  system  of  the  human  diurnal  cycles  goes  through  a stable 
phase  at  the  beginning  of  the  year.  The  length  of  the  performance 
phase  Is  about  12  hours.  The  effects  of  an  Increase  In  the 
stimulation  Intensity  of  daylight  with  the  advancing  seasonal  cycle 
are  considered,  giving  attention  to  the  danplng  mechanism  In  the  human 
control  cycle.  A performance  maximum  Is  reached  during  the  summer 
months. 


980. 

Knauth,  P.  Kriterlen  fur  die  Beurtellung  verschledener  Schichtwechselformen. 
(Ph.D.  Thesis).  lecnnTcfi'llorchschuld  barmstadc,  1975. 

981. 

Knauth,  P. , and  J.  Ilmarinen.  Continuous  measurement  of  body  temperature 
during  a three-week  experiment  with  Inverted  working  and  sleeping  hours 
(abstract).  Int.  J.  Chronoblol.  3;  3,  1975. 

This  paper  deals  with  the  question  of  whether  a complete  Inversion 
of  the  circadian  rhythm  In  body  temperature  takes  place  during  3 weeks 
of  experimental  nightwork.  The  bo<^  temperature  of  4 subjects  was 
recorded  continously.  Even  after  21  days  of  continuous  nightwork  the 
body  temperature  curve  was  not  completely  Inverted.  In  the  first  few 
days  of  nightwork  the  amplitude  decreased  but  by  the  end  of  the  first 
week  It  had  Increased  again  and  had  reached  nearly  the  same  amplitude 
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as  In  a period  of  d«ofMork.  While  the  body  tenperature  naxlnum  was 
hardly  phase-shifted  at  all  during  the  21  days  of  nIghtMork.  the 
mlnlnuffl  phase-shifted  to  the  period  of  daysleep  after  the  first  week. 


982. 

Knauth,  P.  W.  Rohnert,  and  J.  Rutenfranz.  Systematic  selection  of  shift  plans 
for  continuous  prodictlon  with  the  aid  of  work -physiological  criteria. 

Applied  Ergonomics  101:  9-15,  1979. 

Taking  Into  account  the  numerous  theoretically  possible  shift 
systems,  we  chose  sensible  shift  systems  with  the  aid  of  objective 
work-physiological  criteria,  e.  g. , the  duration  of  the  dally  working 
time,  the  positioning  and  duration  of  sleep  and  recreation  time. 

With  an  agreed  40  h week  shift,  systems  with  a weekly  working  time  of 
24  h the  following  shift  systems  are  recommended:  when  you  have  8 
shifts  the  relation  between  the  number  of  working  d^ys  and  the  number 
of  free  days  should  be  "3  n/n",  whereby  n must  be  larger  than  1, 
within  one  shift  rcta.  In  the  exceptional  case  of  a 12  h shift  the 
corresponding  relation  should  be  "2  n/n".  Further  unsuitable  and 
recommended  shift  plan  examples  are  demonstrated  for  these  shift 
systems. 


983. 

Knauth,  P.,  and  J.  Rutenfranz.  Utersuchungen  uber  die  Bezlehungen  zwischen 
Schichtform  und  Tagesauftellung.  Int.  Arch.  Arbeltsmed.  30;  173-191,  1972. 

984. 

Knauth,  P.  and  J.  Rutenfranz.  Untersuchungen  zum  Problem  des 
Schlaf verbal tens  bel  experlmentel 1 er  schl cntar5iTt~  t Investigations  of  the 
problems  of  sleep  in  connection  with  experimental  shiftwork.)  Int.  Arch. 
Arbeltsmed.  30:  1-22,  1972.  " 

The  sleep  of  5 subjects  aged  from  21  to  24  years  was  studied  ty 
polygraphic  methods  for  a total  of  40  days  and  nights  during 
experimental  shiftwork.  Undisturbed  d«y-t1me  sleep  was  significantly 
shorter  than  undisturbed  nocturnal  sleep  and  we  found  a distinct 
reduction  In  the  duration  of  paradoxal  sleep  In  comparison  with 
nocturnal  sleep.  Olsturbances  due  to  noise  caused  a shorter  dtiratlon 
of  sleep,  a reduction  In  stage  IV  and  REM  steep  of  sleep  and  an 
Increased  number  of  changes  from  one  stage  of  sleep  to  the  other  In 
both  d^y-tlme  and  nocturnal  sleep.  After  sleep  was  Interrupted  for 
lunch  we  found  a proportion  of  deep  sleep  which  was  above  the  average. 


985. 

Knauth,  P.  and  J*  Rutenfranz.  Arbeltsphyslologische  und  Arbeltspsychologische 
Hinwelse  zur  Gestaltung  von  Schichtplanen  (Physiological  and  psychological 
recommendations  for  planning  shift  work).  Arbel tsmedi z1 n-SozI al medi z1 n- 
Praventlvmedlzln;  10:  197-200,  1975., 

There  Is  no  Ideal  organizational  scheme  for  shift  work  adapated  to 
every  type  of  undertaking.  The  article  contains  recommendations 
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Intended  to  eliminate  unnecessary  constraint  and  stresses  In  shift 
workers*  Principal  aspects  covered:  length  of  working  day;  duration 
of  shift  cycle;  number  of  successive  shifts  (especially  n^ght  shifts)* 
changeover  from  a 42-  to  a 40-h  week  In  continuous  work  systems* 


986* 

Knai;t;h  P*.  and  «)*  Rutenfranz*  The  effects  o1  noise  on  the  sleep  of 
nighv-workers*  In:  Experimental  studies  of  shiftwork,  edited  by  P* 
Colquhoun,  S*  Folkard,  P*  Knauth,  and  I&^nfranz.  bpladen:  Uestdeutscher 
Verlag,  1975,  pp*  57-65* 

987* 

Knauth,  P*,  and  J*  Rutenfranz*  Experimental  shift  work  studies  of  permanent 
r>1ght,  and  rapidly  rotating,  shift  systems*  1*  Circadian  rhythm  of  body 
temperature  and  re-entra1nment  at  shift  change.  Int*  Arch*  Occup*  Environ* 

Health  37:  125-137,  1976.  

The  effects  of  permanent  night  and  rapidly  rotating  shift  systems 
on  the  dally  course  of  body  ten|>erature  were  examined  In  an 
experimental  situation* 

In  the  first  series  of  test  4 subjects  worked  on  night  shift  for  3 
successive  weeks*  A further  4 subjects  worked  on  rapidly  rotating 
shift  systems;  2 subjects  onal-l-1-  system  (first  day  early 
shift,  2nd  day  late  shift,  3rd  day  night  shift,  4 day  free),  and  2 
subjects  ona2-2-2  - system  ("metropolitan  rota")* 

Only  slight  changes  In  the  dally  course  of  rectal  temperature  were 
found  with  single  night  shifts*  The  greatest  changes  In  the  circadian 
rhythm  occurred  during  the  first  week  of  night  shifts* 

Even  after  21  consecutive  night  shifts  we  failed  to  find  complete 
Inversion  of  the  dally  course  of  body  temperature* 

In  view  of  these  test  results  rapidly  rotating  shift  systems  would 
seem  to  be  advisable. 


988* 

Knauth,  R*,  and  J*  Rutenfranz*  Re-entrainment  of  body  teiperature  In 
experimental  shift  systems  with  different  numbers  of  consecutive  night-shift 
(1-21  nights)  (abstract).  Chronnblologla*  4:  124,  1977* 

The  re-entrainment  of  body  teaperature  after  a phase-shifting  of 
the  waking  and  sleeping  hours  was  Investigated  In  three  experiments. 

In  the  first  experiment  6 subjects  stayed  at  the  Institute  for  5 
weeks.  A period  of  day-work  (0900  to  1700)  was  followed  by  a period 
of  3 weeks  of  continuous  night-work  (2200  to  0600)  and  a period  of 
recovery  ^thout  work*  In  addition  4 subjects  worked  on  a 1-1-1 
system  (1st  day  early  shift,  2nd  day  late  shift,  3rd  day  night-shift 
4th  day  free)  and  2 subjects  on  a 2-2-2  system  ('metropolitan  rota* ). 

After  a change  from  day-work  to  the  night-shift  period  of  3 weeks  the 
minima  of  body  temperature  of  3 subjects  shifted  towards  the  first 
third  of  day-sleep  after  the  first  night-shift*  The  minima  of  body 
temperature  of  the  other  subjects  needed  2 to  4 days  to  shift  towards 
the  day-sleep*  During  the  following  night-shifts  the  minima  were  In 
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general  situated  within  the  day-sleep.  During  the  following 
night-shifts  the  minima  were  In  general  situated  within  the  day-sleep 
and  preferably  In  the  second  half  of  the  sleep.  After  the  first  and 
respectively  the  second  night-shift  In  the  experiments  with  rapidly 
rotating  shift  systems  the  minima  of  the  body  temperature  of  3 of  the 
6 subjects  were  phase-shifted  towards  the  day-sleep. 


989. 

Knauth,  P. . and  J.  Rutenfranz.  Duration  of  sleep  related  to  the  type  of 
shift-work  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work,  5th,  Rouen, 

FR.,  1980,  p.  III-5.  


990. 

Knauth,  P. , J.  Rutenfranz,  G.  Herrmann,  and  S.  J.  Poeppl.  Re-entrainment  of 
body  temperature  In  experimental  shift-work  studies.  Ergonomics  21:  775-783, 

1978.  

In  a series  of  experimental  shift  work  studies  six  subjects  worked 
on  continuous  night  shift  for  three  weeks,  four  subjects  worked  on  a 
1-1-1  shift  system  (1st  day  morning  shift,  2nd  day  afternoon  shift, 

3rd  day  night  shift,  4th  day  off),  and  two  subjects  worked  on  an  2-2-2 
shift  system  (the  'metropolitan  rota").  Rectal  temperature  was 
continuously  recorded  In  each  experiment. 

The  greatest  changes  In  the  circadian  rhythm  of  body  temperature 
occurred  on  the  second  night  shift  day,  and  during  the  first  week  of 
continuous  night  shift  working.  The  changes  Involved  both  shifts  In 
the  phasing  of  the  rhythm,  and  alterations  In  Its  form.  The 
re-entrainment  of  the  rhythm  to  its  normal  phasing  took  two  or  more 
days  after  two  or  more  successive  night  shifts,  but  only  one  day  after 
a single  night  shift.  Considerable  Individual  differences  In  the 
rhythm  adjustment  ot  night  work  were  observed. 

In  a field  validation  of  these  findings,  34  shiftworkers  In 
municipal  gas  and  water  supply  undertakings  measured  their  oral 
temperature  even  2 h both  on  and  off  duty.  Although  only  very  few 
temperature  readings  were  obtained  during  sleep  periods,  the  results 
confirmed.  In  general,  those  of  the  experimental  studies. 


991. 

Knoerchen,  R.,  E.  M.  Gundlach,  and  G.  Hlldebrandt.  Circadian  variations  of 
visual  sensitivity  and  vegetative  responsiveness  to  light  In  man  (abstract). 
Int.  v^.  Chronoblol.  3:  13,  1975. 

The  rate  of  vegetative  reactions  to  light  exposure  following  an 
exposure  to  darkness  (decrease  of  eosinophils.  Increase  of 
cortisol -excretion  and  heart  rate)  exhibits  a circadian  variation,  the 
maximum  of  which  occurring  after  exposure  at  0800,  1.  e.  at  the  time 
of  the  natural  "light  on"  - signal,  and  the  minimum  occurring  at  2000. 
This  could  be  shown  at  different  durations  of  light  exposure  ranging 
from  10  sec  up  to  4 hours.  The  phase  position  of  the  cycle  of 
responsiveness  deviates  about  90*^  from  that  of  the  circadian  variation 
of  the  Initial  values  of  the  parac;;ters  measured  during  the  exposure 
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to  darkness.  From  this  can  be  concluded  that  the  rate  of  vegetative 
light  response  depends  In  a dynamic  manner  on  the  phase  direction  and 
slope  of  the  circadian  rhythm.  Contrary  to  this  finding,  the 
circadian  variation  of  the  visual  sensitivity  to  light  which  was 
followed  up  the  course  of  dark  adaptation  after  a given  light 
exposure  shows  Its  maximum  around  0300  and  Its  minimum  around  1500  to 
1800.  This  phase  position  Indicates  a different  steering  mechanism  of 
the  circadian  cycle  of  visual  sensitivity. 

The  significance  of  these  findings  for  the  circadian  problems  of 
night  and  shift-work  Is  discussed. 


992. 

Knowles,  J.  B. , J.  Cairns,  and  A.  U.  NacLean.  Acute  shifts  In  the 
sleep-wakefulness  cycle:  1.  effects  on  sleep  (abstract).  Sleep  Res.  7:  158, 
1978. 

993. 

Knowles,  J.  B.,  J.  Cairns,  and  A.  W.  NacLean.  Acute  shifts  In  the 
sleep-wakefulness  cycle:  2.  effects  on  performance  (abstract).  Sleep  Res.  7: 
159,  1978. 

994. 

Knowles,  L. , and  R.  Jones.  Police  altercations  and  the  ups  and  downs  of  life. 
The  Police  Chief  40:  51-54,  1974. 

Relationships  between  184  Incidences  of  physical  altercations 
between  police  officers  and  suspects  being  apprehended  and  biorhythm 
cycle  phases  were  studied.  Chi  square  analysis  Indicated  frequency  of 
altercations  was  not  significantly  above  expected  levels  during 
biorhythmic  critical  days  or  low  cycle  periods  for  police  officers  or 
their  suspects.  It  Is  possible  that  In  this  study  the  Interactions 
Involved  too  mary  complex  variables  to  be  amenable  to  simple 
statistical  analysis. 


995. 

Kobayashi,  K.,  and  K.  Takahashl.  Prolonged  food  deprivation  abolishes  the 
circadian  adrenocortical  rhythm,  but  not  the  endogenous  rhythm  In  rats. 
Neuroendocrinol.  29:  207-214,  1979. 

An  abolishment  of  24  h periodicity  of  the  adrenocortical  activity 
was  observed  In  rats  subjected  to  a prolonged  food  deprivation  of  7-8 
days.  Total  locomotor  activity  progressively  decreased  and  Its 
circadian  rhythm  faded  out  In  a similar  fashion  as  the  adrenocortical 
rhythm.  The  circadian  rhythms  of  both  locomotor  and  adrenocortical 
activities  were  recovered  after  the  rats  were  blinded  and  allowed  free 
access  to  food.  At  the  end  of  the  first  week,  a peak  elevation  of 
blood  corticosterone  levels  took  place  at  the  time  corresponding  to 
the  light-dark  transition  before  blinding.  Similar  patterns  of 
locomotor  activity  and  food  Intake  were  also  noticed.  THe  recovered 
rhythm  of  these  activities  free-run  throughout  the  observation  period 
of  5 weeks.  This  fact  Indicates  that  the  endogenous  time-keeping 


system  (clock)  remafned  Intact  and  synchronized  with  llaht-dark 
alternation  during  the  period  of  prolonged  food  deprivation* 

996. 

Koch,  C. • and  F.  Monesi*  Evaluation  of  aircrew  fatigue  during  operational 
helicopter  flight  mission.  In:  Operational  Helicopter  Aviation  Med. 
Neu111y*sur*Se1ne:  NATO,  Advisory  Group  for  Aerospace  Research  and 
Development,  1976^  2 pp. 

Monitoring  of  physiological  paramters  for  the  assessment  of 
successive  phases  of  an  operational  flight  mission,  the  latter  being 
more  demanding.  The  crucial  question  Is  which  physiological 
parameters  prove  of  practical  value  In  revealing  the  onset  of  a state 
of  acute  fatigue.  Undoubtedly,  breathing  rate  and  amplitude  show 
relatively  early  changes  with  the  Increase  In  workload  during 
helicopter  flying  (Petyjohn)  as  well  as  EMG  and  E06.  However, 
adequate  computerized  analysis  of  other  physiological  and  behavioral 
parameters  Is  necessary  to  provide  the  Investigator  with  more  subtle 
tools  for  the  Identification  of  fatigue. 


997. 

Kogi,  K.  Estimation  of  sleep  deficit  during  a period  of  shift  rotation 
basis  for  evaluating  various  shift  systems  (abstract).  Ergonomics  21:  873, 
1979.  


Field  Investigations  of  various  forms  of  shift  working  confirm 
that  adaptation  to  shift  rotation  Is  hampered  not  only  by  phase  shifts 
In  the  circadian  cycle  but  by  the  sleep  deficiency  resulting  from 
these  shifts.  A recent  survey  by  the  Committee  on  Shift  Work  of  the 
Japan  Association  of  Industrial  Health  revealed  that  a large  majority 
of  Industrial  shift  workers  suffer  from  frequency  shortages  of  sleep. 
Insufficiently  long  Inter-shift  Intervals,  relatively  large  numbers  of 
consecutive  days  on  night  or  on  other  phase-shifted  duties,  and  rest 
periods  which  are  too  short  to  allow  home  night  sleeps  of  adequate 
duration  Immediately  following  these  duties,  are  all  factors  which  can 
Impair  sleep  In  both  quality  and  quantity.  When  shift  systems  are 
compared,  all  of  these  factors  producing  shortened  sleep  should  be 
considered,  because  It  seems  that  none  of  them  can  be  counterbalanced 
by  a simple  Increase  In  the  total  amount  of  sleep  taken.  On  the  basis 
of  actual  time  budgets  of  shift  workers,  conparlsons  were  made  of  the 
amount  of  sleep  lost  during  a complete  rotation  cycle  of  14  different 
shift  systems.  In  each  case  a sleep  deficit  Index  was  estimated  as 
the  sume  of  the  dally  shortage  of  night  sleep  (compared  with  the 
normal)  and  the  balance  between  this  shortage  and  coiqpensatory  sleep 
taking  during  day  hours.  The  results  show  that  sleep  deficit  assessed 
In  this  way  was  lower  for  shift  systems  with  a small  number  of 
consecutive  night  shift  and  for  those  with  opportunities  for 
Intra-shift  sleep.  Greater  deficit  was  observed  In  alternate-day* 
day,  night  and  continuous  3 shift  systems. 
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998. 

Kogi,  K.  Comparison  of  resting  conditions  between  various  shift  rotation 
systems  for  Industrial  workers  (abstract).  In:  Int.  Symp.  on  Night-  and 
Shift-work.  5th,  Rouen,  FR.,  1980,  p.  VI 1-8. “ “ 

999. 

Kogi,  K. , M.  Takahashi,  and  N.  Onishl.  Experimental  evaluation  of  frequent 
eloht-hour  versus  less  freouent  lonaer  nlont  shifts.  Int.  «I.  Chronoblol.  3: 
14-15,  1975.  

1000. 

Kokkorls,  C.  P.,  E.  0.  Ueltzman,  C.  P.  Poliak,  A.  J.  ^lelman,  C.  A.  Czelsler, 
and  H.  Bradlow.  Long  term  ambulatory  temperature  monitoring  In  a subject  with 
a hypernychthemeral  sleep-wake  cycle  disturbance.  Sleep  1:  177-190,  1978. 


A portable  teiqperature  data  logger  was  used  for  prolonged  rectal 
temperature  monitoring  In  an  ambulatory  subject  with  a longer  than  24 
hr  (hypernychthemeral)  sleep-wake  cycle.  The  mean  period  of  the 
sleep-wake  and  circadian  tenmerature  cycles  was  24.8  hr.  However,  the 
period  of  the  sleep-wake  cycle  fluctuated  considerably,  being  less 
than  24.8  hr  when  he  slept  durlno  the  socially  desirable  sleep  hours 
and  more  than  24.  8 hr  when  he  slept  during  the  day.  In  the  first 
instance,  the  dally  temperature  fall  occurred  later  than,  and  the 
second  earlier  than,  sleep  onset.  During  the  times  of 
desynchronization  of  the  two  cycles,  he  complained  of  Insomnia, 
fatigue,  and  reduced  performance.  We  postulate  that  his 
hypernychthemeral  cycles  were  the  result  of  either  a primary  defect  In 
the  mechanism  of  entrainment  or  Vmakened"  social  zeitgebers  due  to  a 
personality  disorder.  These  concepts  are  supported  by  a sleep-wake 
pattern  resembling  that  of  relative  coordination.  We  therefore  raise 
the  possibility  that  24  hr  was  beyond  the  range  of  entrainment  of  the 
subject's  circadian  tenperature  cycle  during  the  stu<(y. 

1001. 

Kollar,  E.  J. , R.  D.  Pasnau,  R.  T.  Rubin,  P.  Naltoh,  G.  G.  Slater,  A.  Kales. 
Psychological  psychophyslological,  and  biochemical  correlate  of  prolonged 
sleep  deprivation.  Psychiatry  126:  488-497,  1969. 

A study  In  which  four  healthy  adult  males  underwent  205  hours  of 
sleep  deprivation  Indicated  that  although  they  suffered  transient  ego 
disruptive  phenomena,  they  did  not  appear  to  undergo 
psychopathological  reactions  extending  beyond  the  period  of  sleep 
deprivation.  Detailed  psychological,  physiological,  and  biochemical 
findings  are  reported. 

1002. 

Roller,  N.,  N.  Haider,  M.  Kundl,  R.  Cervinka,  and  H.  Katschnig.  Possible 
relations  of  Irregular  working  hours  to  psychiatric  and  psychosomatic 
disorders  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work,  5th,  Rouen, 
FR.,  1980,  p.  VIII-5. 
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1003. 

Koller,  N.«  N.  Kundl,  «nd  R.  Cervfnka.  Field  studies  of  shift  work  at  an 
Austrian  oil  refinery.  I.  Health  and  psychosocial  wellbeing  of  workers  who 
drop  out  of  shiftwork.  Ergonomics  21:  835-847,  1978. 

Most  of  the  problems  that  arise  In  shift  workers  prove  to  be 
social  or  family-bound  rather  than  strictly  medical,  though  health  may 
In  fact  be  affected  seriously  by  these  problems.  The  present  stud/ 
was  concerned  with  the  question  whether,  and  In  what  way,  men  olvlng 
up  shift  work  (‘drop-outs")  differ  from  those  who  stay  on  shift  work, 
and  from  those  on  permanent  day  work.  A questionnaire  containing 
Items  about  personal,  family,  and  social  life,  and  health,  working 
conditions,  and  sleep  was  given  to  270  workers  In  an  oil  refinery. 

All  respondents  were  subsequently  Interviewed.  Taking  all  the  results 
together  It  Is  concluded  that  shift  and  night  work  leads.  In  a 
proportion  of  cases,  to  difficulties  with  regard  to  work  and  family 
life,  as  well  as  In  social  and  health  matters.  The  results  from  the 
"drop-outs"  group  Indicate  that  In  certain  Individuals  very  long  lasting 
"psychosomatic",  pseudoneurotic"  or  "sensitisation"  reactions  may 
develop. 

1004. 

Kolmodin-Hedman,  B.,  and  A.  Swensson.  Problems  related  to  shift  work.  A 
field  study  of  Swedish  railroad  workers  with  Irregular  work  hours.  Scand.  £. 
Work.  Environ.  Health  1:  254-262,  1975. 

A group  of  132  engineers  from  the  north  of  Sweden  was  Included  In 
the  study*  A subsample  of  about  50  subjects  was  selected  for  further 
laboratory  Investigations  during  a light  and  warm  summer  period  and  a 
dark  and  cold  winter  period.  The  mean  for  the  hours  of  sleep  noted  on 
the  sleep  records  was  significantly  lower  for  night  work  than  for  day 
work.  The  amount  of  sleep  during  night  work  was  signficantly  less 
during  trie  light  period  than  during  the  dark  period  as  was  the  amount 
of  sleep  during  the  day  off.  Body  temperature  measured  during  work 
followed  a daytime  pattern  and  had  a low  amplitude.  Potassium 
excretion  and  the  blood  levels  of  cortisol  displayed  a stable 
circadian  rhythm  with  a daytime  pattern.  Many  environmental  factors 
made  the  results  of  catecholamine  data  difficult  to  Interpret.  The 
frequency  of  reported  peptic  ulcers  was  higher  In  the  engineer  group 
than  In  some  other  groups. 

1004a. 

Kon|,  H.  Atmospherics  geringster  Frequenzen  Z.  Angew.  Physik  11:  264-274, 

1005. 

Kononenko,  A.  A.,  and  V.  V.  Derkac.  Issledovanie  Vnimanija  1 Pamjatl  u 
Operatorov  Vyelslltel 'nyh  Centrov  v Ustovijah  Trehsmennogo  Rezima  Raboty 
(Research  In  Vigilance  and  Short-Time  Memory  of  Data  Processing  Centre 
Operators  Working  the  3-Sh1ft  8-Hour  System).  Gig.  1 Sanit.  8:  102-104, 
1975. 
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Results  of  several  tests  carried  out  at  various  tines  during  and 
after  three  8-h  shifts  to  assess  vigilance  and  short-tine  nenory  of 
data  processing  center  operators.  There  was  a falling-off  In 
vigilance  and  nenory  during  the  second  shift;  this  tendency  was  nore 
pronounced  during  the  third  (night)  shift.  The  article  reconnends 
special  work/rest  arrangenents  for  this  category  of  worker,  and  a 
change  of  work  during  the  dey  shift  to  relieve  nonotoror  after  3-4  h of 
the  sane  kind  of  work. 


1006. 

Kopozy'nska,  B.,  L.  Narojek,  E.  Alblnowska,  E.  Swiechowska,  J. 
Wojtczak-Jaroszowa,  E.  Kochnan,  and  A.  Tucholka.  Dietary  pattern  of  workers 
enfiloyed  In  a 3-sh1ft  systen,.  Med.  Pr.  29;  173-183,  1978, 

1007. 

Koreshkov,  A.  A.  Diurnal  rhythms  of  the  electroencephalogran  (EEG)  during  a 
period  of  72  hours  sleeplessness.  Kosm.  Bio.  Med.  6(1);  58-62,  1972. 

The  author  studied  EEG  diurnal  rhythms  during  a period  of  72  hours 
sleeplessness  to  which  ten  healthy  Individuals  were  subjected.  These 
and  further  studies  have  shown  that  test  subjects  with  a stable  rhythm 
of  cerebral  bioelectric  activity  can  adapt  less  well  and  those 
with  an  unstable  rbythm  of  activity  can  adapt  better  to  altered  work 
and  rest  schedules. 

1008. 

Koreshkov,  A.  A.  The  dynamics  of  ECG  changes  caused  by  altered  work-rest 
patterns.  Int.  Cong.  Aviat.  Space  Med.,  21st,  Munich,  1973,  preprint,  p.  83. 

1009. 

Koreshkov,  A.  A.  Issledovanie  bloelektricheskol  aktivnosti  mozga  v usiovllakh 
Izmenennogo  sutochnogo  rezhima.  (Investigation  of  the  bloelectrical  activity 
of  the  brain  under  conditions  of  varied  24  hour  lifecycle.)  In;  Optimization 
of^the  Professional  Activity  of  £ Cosmonaut.  Moscow;  Izdatel 'stvo  nauka. 

Experiments  were  conducted  to  evaluate  the  functional  state  of  the 
human  organism  In  an  Inverted  sleep/wakefulness  regime  under 
conditions  of  total  Isolation  from  external  Illumination  and  noise. 

The  evaluation  concerned  the  circadian  dynamics  of  heart  rate, 
arterial  blood  pressure,  respiration  rate,  body  temperature,  and  EEG 
Indicators.  It  Is  shown  that  Inversion  of  the  circadian  rhythm  Is 
accompanied  by  characteristic  changes  In  the  parameters  examined. 

During  the  first  three  days  after  rhythm  Inversion,  It  Is  observed  that  the 
alpha-wave  frequency  Is  reduced  and  that  the  slow  wave  activity  during 
wakefulness  Is  enhanced.  It  Is  concluded  that  the  study  of  the 
bloelectrical  activity  of  the  human  brain  Is  suitable  for  estimating 
the  speed  of  human  adaptation  to  the  Inversion  of  the  work/rest  order. 
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1010. 

Korol eva-Hunts,  V.  N.  Sutochr\yy  rltm  fizlologicheskikh  funktsly  pri 
kllnostatlcheskoiy  gipokinezll  (Circadian  rt\ythia  of  physiological  functions  In 
cllnostatic  hypokinesia).  Fizlologicheskly  Zhumal  SSSR  8:  1145*1149, 
1974.  (Eng.  transl.  NASA  rTF-TC,  3W;  TOST: 

In  the  first  10  days  of  a strict  bed  regime  (for  medical  reasons) 
changes  were  noted  In  the  circadian  rhythm  of  the  heart  rate*  boc(y 
temperature*  minute  volume  of  respiration  and  openness  of  the 
bronchial  passages.  By  the  19-21st  day  In  bed*  Initial  rhythms  of  the 
first  three  Indices  reappeared.  Changes  In  the  character  of 
Individual  rhythm  curves  and  correlations  between  rhythms  of  heart 
rate  and  bo4y  temperature  were  statistically  significant  while  no 
significant  differences  were  found  for  mean  values  of  sinusoid 
amplitude  and  phase  with  which  empirical  curves  of  rhythms  were 
approximated. 
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Koulack,  0.,  and  K.  J.  Schultz.  Task  performance  after  awakenings  from 
different  stages  of  sleep.  Percept ♦ Mot.  Skills  39:  792-794*  1974, 
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Kovacevic-Rlstanovic*  R.*  J.  Spire*  E.  Van  Cauter*  0.  Oesir*  C.  Jadot*  and  P. 

Noel.  Time  shift  (Jet  lag)  and  sleep  (abstract).  Sleep  Res.  7:  306,  1978. 

1013. 

Kramm*  K.  R.  Circadian  activity  of  the  red  squirrel,  Tamlasclurus  Judsomicus* 

In  continuous  darkness  and  continuous  Illumination.  Int.  d.  Blometeor.  19: 

232-245,  1975.  

Fifty-eight  red  squirrels  (Tamlasclurus  hudsonicus)  were  taken 
directly  from  the  field  and  placed  In  either  tota)  d^ness  (00)  or 
continuous  Illumination  (LL)  500  lux*  for  up  to  70  days.  The 
squirrels  were  sampled  at  various  times  of  the  year  so  that  seasonal 
changes  In  the  endogenous  rhythm  could  be  examined.  The  Initial 
phasing  of  activity  correlated  with  the  photoperiod  In  the  field  and 
had  a free-running  period  (T)  close  to  24  hours.  However*  T Increased 
In  a nearly  linear  fashion*  averaging  about  0.19  mln/day  for  squirrels 
In  OD  and  about  0.87  mln/day  for  squirrels  In  LL.  All  animals  In  LL 
had  rhythms  idilch  eventually  became  dissociated  Into  two  or  more 
components.  On  the  other  hand*  squirrels  kept  In  00  had  running 
patterns  idilch  usually  remained  Intact.  After  being  In  constant 
conditions  for  between  10  and  70  days*  28  squirrels  were  subjected  to 
step  transitions  In  Illumination  from  00  to  LL  (500*  350  or  200  lux) 

200  and  350  lux.  The  free-running  period  was  directly  correlated  with 
the  entrainment  phase-angle  difference.  This  relationship  was 
compared  to  the  red  squirrel's  light-pulse  response  curve.  These  data 
support  Plttendrloh's  (1965)  entrainment  model,  or  vice  versa.  An 
Increase  In  Illumination  level  generally  resulted  In  a phase  advance 
and  a decreased  T.  A decrease  In  Illumination  level  generally 
resulted  In  a phase  delay  and  Increased  T. 
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Kratochvfl,  C.  H.  Biological  rhythm.  In:  Uto  of  Hedicatlon  and  Pruos  In 
Flying  Porsonnol.  edited  fay  H.  S.  Fucha.  MeuTTly  tur  Seine.  I^rancel  NATO, 
Advisory  <>roup  ror  Aerospace  Research  and  Development,  ACMRD-CP-108,  1973,  p* 
4-1-4-9. 


1015. 

Krause*Porey,  B.  Wish  I had  Known;  Blorhythmlc  Living.  ± Fascinating  New 
Way  for  You  to  Live.  Brisbane,  Australia:  Biorhythm  Research  Information 
centre,  i9/4,  o/  pp. 
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Krause*Porey,  B.  Basic  Biorhythms;  Natures  Biological  Master  Clock. 

Brisbane,  Austral lai  fflor^tnnBUesearcn  inrormaticiTTentre,  iv/6,  i64  pp. 

1017. 

Krebs,  «].  Clocks,  pineals  and  compasses.  Nature  274:  115*116,  1978. 

1018. 

Krefft,  S.  Sicherhelt  Belm  Fllegen  Aus  Flugmedlsinischer  Sicht;  Folia 

Traumatologica  beigy  (Safe  Flying  from  the  Viewpoint  of  Aviation  NedUlne; 

Folia  traumatoiogica  Gelgy).  Basel:  Gelgy,  Basel,  1974,  20  pp. 

The  physiological  (psychophyslological)  aspects  of  flying  are 
reviewed.  The  duties  and  working  environment  of  pilots  are  discussed 
disturbance  of  the  circadian  rhythm,  mental  load,  ergonomics  of  the 
cockpit,  microclimate,  noise,  vibrations,  acceleration,  altitude, 
hypoxia,  safety*  ate. 


1019. 

Kriebel,  J.  Circadlane  Perlodik  der  Nebennieremark*  und  Nebennlerenrlnden- 
hormone  belm  wenschen  mlt  und  ohnTTeitgeDer.  Pisserfatlon,  wunicn,  xv/a. 

1020. 

Kriebel,  J.  Exogenous  modifications  of  circadian  rhythms  of  adrenal  hormones 
In  man.  Interdlsclpl.  Cycle  Res.  3:  233-241,  1972. 


Circadian  rhythms  of  activity*  rest,  boifar  temperature,  urine 
volume,  Ur  .ne  excretion  of  adrenaline  (A),  noradrenaline  (NA), 
17-hydroxycort1costero1ds  (17-OhCS)  and  17-ketostero1ds  (17-KS)  have 
been  measured  during  a 37-day  experiment.  Including  17  days  In 
Isolation  with  a young  male  subject.  The  phase  relationship  between 
the  periods  of  activity  and  vegetative  functions  were  different  In 
Isolation  and  synchronisation.  All  maxima  were  moving  toward  begin  of 
activity  In  Isolation.  According  to  the  multi oscillatory  theory .the 
amount  of  change  was  different:  180°  for  the  catecholamines;  CO”  for 
the  steroids;  90°  for  the  bo<ty  teiperature.  For  the  same  reason  the 
shape  of  the  curves  changed  during  Isolation.  Furthermore,  the  data 
suggest  that  social  stimuli  are  Important  factors  determining  the 
shape  of  circadian  funtlon  curves.  Evidences  for  this  hypothesis  are: 
(I)  the  relative  late  maxima  of  the  catecholamines  In  synchroni- 
zation; (2)  the  Increased  amplitude  during  social  activity:  (3)  abrupt 
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Increase  In  the  level  of  urinary  catechol anlne  excretion  at  the 
conclusion  of  Isolation. 

1021. 

Kriebel,  J.  Changes  In  Internal  phase  relationships  during  Isolation.  In: 
Chronoblology.  edited  ty  L.  E.  Scheving,  F«  Halberg  and  J.  Pauly.  Tokyo: 
igaku  Shomrud.,  1974,  pp.  451-459. 

Circadian  rhythms  are  endogenous  and  persist  un<*ir  constant 
conditions  with  periods  which  deviate  to  some  extent  from  24  hours 
Under  constant  conditions  the  rhythmic  functions  tend  towards  a new 
phase-re1>«t1onsh1p  different  from  that  under  conditions  of  entrainment 
with  normal  social  environment. 
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Krieger,  0.  T.  Effect  of  ocular  enucleation  and  altered  lighting  regimens  at 
various  ages  on  the  circadian  periodicity  of  plascia  corticosteroid  levels  In 
the  rat.  Endocrinol.  93:  1077-1091,  19^.. 

1023. 

Krieger,  0.  T.  Food  and  water  >**est1r1ct1on  shifts  corticosterone, 
temperature,  activity  and  brain  amine  periodicity.  Endocrinol.  95:  1194-1201, 
1974. 


The  circadian  periodicity  of  plasma  corticosteroid  levels  was 
determined  In  Individual  adult  male  and  female  rats,  sainpled  every  4 
hr  over  a 48-hr  period.  Access  of  these  rats  to  food  and  water  was 
then  restricted  to  9:30  AN-11:30  AM  for  a 15-day  period,  the  animals 
being  kept  under  normal  laboratory  lighting  conOltlons  (lights  on  8:00 
AM.  off  8:00  PM).  At  the  end  of  this  period,  such  anlioals  had  a 12-hr 
shift  In  the  time  of  the  circadian  peak  of  plasma  corticosteroid 
levels.  A similar  alteration  In  the  time  of  the  peak  of  body 
temperature  levels  wus  also  seen  In  these  animals.  Alteration  of 
patterns  of  running  activity,  with  a marked  Increase  In  daytime 
running  activity  was  also  present  In  such  food  and  water  restricted 
animals.  There  was  also  a reversal  of  AM/PM  ratios  of  hippocampal 
norepinephrine  and  of  serotonin  levels  In  these  animals.  These 
findings  demonstrate  that  presence  of  normal  light-dark  alteration  Is 
not  sufficient  for  the  amintenance  of  normal  circadian  periodicity  of 
plasma  corticosteroid  levels.  It  Is  suggested  that  disruption  of  the 
sleep-wake  pattern  Induced  by  food  restriction  may  be  a factor 
responsible  for  the  observed  changes. 
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Krieger,  D.  T.  Circadian  pituitary  adrenal  rhythms.  Adv.  Exp.  Med,  Biol, 
54:  169-189,  1975.  

1023. 

Krieger,  0.  T.  Reflation  of  circadian  periodicity  of  plasma  ACTH  levels. 
Ann.  H,  Y.  Acad.  Scl.  297:  561-567,1977. 


298 


1026. 

Kr1«9*r,  0.  T.  Rhythm  In  CRF,  ACTH  and  cortlcostcHods.  In:  Co»i^htnt<vt 
Endocrinology,  edited  Iqt  0.  T.  Krleger.  New  York:  Raven  Press,  197§,  pp. 
I7J=lf?«  " 
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Krieger,  0.  T.  Ventronadlal  Nypothalanlc  lesions  ^ ollsh  food*shlfted 
circadian  adrenal  and  tesDerature  rhythmlclty.  Enourinol.  106:  649-654, 
1960.  
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Kritger,  D.  T.,  and  J.  Aschoff.  Endocrine  and  other  biological  rhythns.  In: 
Endocrinology,  edited  tgr  L.  J.  OeGroot,  et  a1.  New  York:  Grune  and  Stratton, 
1^/9,  pp.  zu/9*2109. 

1029. 

Krieger,  0.  T.,  and  H.  Hauser.  Suprachlasnatlc  nuclear  lesions  do  not  abolish 
food-shifted  circadian  adrenal  and  tenperature  rhythelclty*  Science  197: 
396-399,  1977. 

0ayt.>.  restriction  of  food  and  water  availability  In  nocturnal 
anlnals  phase  shifts  the  circadian  periodicity  of  plasma 
corticosteroid  concentrations  and  body  taag>erature.  These  shifted 
rhythms  persist  In  animals  with  lesions  of  the  suprachlasmatic  nuc!il 
who  are  arrhythmic  under  normal  conditions.  These  findings  sugMst 
the  existence  of  an  additional  "clock"  that  msy  be  Involved  In  the 
generation  of  the  rhythm. 

1030. 

Kriewr,  0.  T.,  and  H.  Hauser.  Comparison  of  synchronization  of  circadian 
corticosteroid  rhythms  by  photoperiod  and  food.  Proc.  Natl.  Acad.  Scl.  75: 
1577-1581.1978.  
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Kripke,  D.  F.  An  ultradlan  biologic  rhythm  associated  with  perceptual 
deprivation  and  REN  sleep.  Psychosom.  Ned.  34:  221-234,  1972. 

To  demonstrate  that  the  10  to  20  cycla/day  oscillations  expressed 
during  sleep  by  the  cyclic  occurrence  of  rapid-cye-movement  periods 
may  be  present  during  wakefulness,  6 normal  subjects  were  Isolated  for 
36  hours.  The  electroencephalogram  and  several  physiologic  and 
behavioral  Indices  were  continuously  recorded.  After  8 hours  of 
sleep,  subjects  attempted  to  remain  awake  and  perform  consistent 
behavioral  tasks  for  27  hours,  but  no  subject  could  remain  awake  this 
entire  Interval.  Data  were  analyzed  with  spectral  analyses.  Both 
during  sleep  and  when  the  subjects  were  almost  continuously  awake,  the 
10  to  20  cycle/day  frequency  range  was  tlw?  predominant  source  of 
variance.  Indicating  that  a discrete  10  to  20  cycle/day  oscillatory 
mechanism  may  modulate  physiologic  systems  and  behavior  throughout  the 
24  hours. 
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Krlpke,  0.  F.,  B.  Cook,  and  0.  F.  Lewis.  Sleep  of  night  workers:  EE6 
recordings.  Psychophysiology  7:  377-384,  1970. 
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Krlpke,  0.  F.,  L.  L.  Judd,  B.  Hubbard,  D.  S.  Janowsky,  and  L.  Y.  Huey.  The 
effect  of  lithium  carbonate  on  the  circadian  rhythm  of  sleep  In  normal  human 
subjects.  Biol.  Psychiatry  14:  545-548,  1979. 
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Krlpke.  D.  F.,  D.  J.  Hullaney,  ..  L.  Atkinson,  L.  Y.  Huey,  and  B.  Hubbard. 
Circadvan  rhythm  phases  In  affective  Illnesses.  Chronoblologla  5:  365-375, 
1979. 


Four  patient  groups  (manic,  bipolar  depressed,  unipolar  endogenous 
depressed,  and  unipolar  reactive  depressed)  were  studied  for  24  days 
aHer  admission  to  the  hospital  for  acute  affective  Illnesses.  A few 
patients  without  affective  Illness  were  used  as  controls.  Oral  body 
temperatures  were  measured  4-6  time  dally.  All 
voided  urine  samples  were  collected,  and  volume,  sodlimi  content,  and 
potassium  content  were  determined.  Activity  was  monitored  24-h  a day 
with  a wrist  activity  transducer  and  a portable  tape  recorder.  24-h 
rhythm  phases,  amplitudes,  and  mesors  were  Imputed  with  a 
least-squares  cosine  fitting  technique.  The  mean  phases,  amplitudes, 
and  mesors  of  the  24-h  rhythms  generally  did  not  differ  significantly 
among  groups;  however,  the  bipolars  (both  manic  and  depressed)  showed 
significantly  more  phase  variability.  These  results  give  only 
equivocal  support  to  our  hypothesis  that  bipolars  have  a fast 
free-running  circadian  oscillator.  If  It  exists  In  all  patients,  the 
free-running  oscillator  must  have  only  weak  coupling  with  activity* 
temperature,  and  urine  water  and  electrolytes. 
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disorders  In  manic-depressives.  Biol.  Psychlatr.  13;  335-351,  1978. 
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rhythms.  Life  Scl.  26;  1319-1321,  1980. 
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Krol 1 , P.  Contribution  of  the  Anticipation  Stress  to  Total  Flight  Stress  and 
Its  Dependence  on  PiurnaTTihythm.  Weasu red  by  PhsylTToglcaf  Parameters.  Bad 
^esberg:  Deutsche  Forschungs-  und  Versuchsanstait  fuer  LUft-  und 

Raumfahrt,  Inst,  fuer  Flugmedizin,  1972,  69  pp. 

The  rating  of  anticipation  reaction  before  flight  was  compared 
with  flight  stress.  An  evaluation  was  also  made  of  whether  the 
anticipation  reaction  depends  on  daytime  oscillation  and  whether  It 
differs  from  the  diurnal  pattern  of  flight  stress.  Eighteen  pilots 
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had  to  perforai  a standardited  Instmient  flight  In  a flight  siMlator 
In  order  to  determine  pulse  rate,  ventilation  rate,  respiratory  minute 
volume,  0)Qf9en  uptake,  and  carbon  dioxide  output  before  and  during  a 
given  flight  task.  The  result  showed  that  anticipation  reaction 
coincides  with  flight  stress. 

1038. 

Kronauer,  R.  E.,  C.  A.  Czelsler,  E.  0.  Ueltzman,  S.  F.  Pllat,  and  M.  C. 
Moore*Ede.  A mathematical  model  of  the  human  circadian  system:  use  of  two 
Interacting  oscillators  to  stimulate  free-running  and  entrained  sleep-wake 
patterns.  (Unpublished  abstract,  personal  communication),  1980. 
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Krueger,  G.  P.,  and  Y.  F.  Jones.  U.S.  Amy  aviation  fatigue-related 
accidents,  1971-1977.  Amy  Aeromedical  Research  Lab.,  Fort  Rucker,  Ala. 
Avail.  MTIS  Sap:  HC  A99/MF  AOl.  In:  Operational  Helicopter  Aviation  Med. 
Neuilly-sur-Seine:  NATO,  Advisory  Group  for  Aerospace  Research  and 
Development,  1978,  11  p (See  N79-19605  1051). 

An  accident  data  survey  was  made  to  determine  how  frequently 
aviator  crew  fatigue  mey  have  contributed  to  US  Amy  aviation 
accidents  from  1971  to  1977.  All  accident  reports  In  the  US  Army 
Agency  for  Aviation  Safety  (USAAAVS)  data  base  were  reviewed.  Aviator 
fatigue  was  deemed  to  be  a contributing  factor  In  42  rotary  wing 
accidents  which  resulted  In  a total  of  51  fatalities  and  five 
Injuries.  These  fatigue  related  accidents  are  categorized  by  aircraft 
and  mission  type  and  by  time  of  dey  and  dey  of  week  of  the  accident. 
Pilots  activities  prior  to  the  accidents  which  promote  the  likelihood 
of  pilot  fatigue  contributions  are  described.  The  personnel  and 
equipment  costs  of  these  accidents  to  the  Amy  are  estimated,  and  the 
relative  Importance  of  such  accidents  to  the  total  US  Amy  aviation 
accident  picture  Is  assessed. 
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Kucherov,  I.  S.,  V.  G.  Ikachuk,  A.  V.  Volkov,  N.  N.  Shabatura,  and  I.  N. 
Zimin.  Dlltel'nlye  blologichesklye  ritml  v dinamike  mlshechnol 
rabotosnosobnosti  cheloveka  (Long  term  biological  rhythms  In  the  dynamic  of 
human  muscular  activity).  Kibernetika  1 Vycheslltel 'neya  Tekhhnika  7:  71-79, 
1970.  


Perlodogram  and  autocorrelogram  analysis  revealed  a rbythm  In 
muscular  activity  In  males  with  a period  of  12-20  days. 

1041. 

Kuhl,  J.  K.  Lee,  F.  Halberg,  E.  Haus,  K.  Gunther,  and  E.  Knapp.  Circadian  and 
lower  frequency  rhythms  In  male  grip  strength  and  bo4y  weight.  In: 

Biorhythms  and  Human  Reproduction,  edited  by  M.  Ferin,  F.  Halberg,  R.  M. 
klchart,  anTlT.  L.  vandewlele.  Hew  York;  John  Mlley  A Sons,  1974,  pp. 
529-548. 
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Least  squares  cosinor  analysis  of  hand  grip  strength  froia  JO 
medical  students  over  56  dqys  revealed  a significant  rhythm  of  about 
13  days  (range  2-25  da^^s). 

1042. 

Kuhn.  R.  I.  Control  Your  Destiny  With  Biorhythms.  Boca  Raton,  Fla.:  Fiesta 
de  Florida  PubllshlngToT,  1975. ^ 

1043. 

Kukllnski,  P.,K.  E.  Klein,  and  H.  M.  Uegmann.  Untersuchungen  zum  problem  der 
circadlanen  rhythmus  - storungen  belm  fllegenden  personal.  (Investigations 
regarding  the  problem  of  circadian  rhythm  disturbances  Involving  flying 
personnel.)  Int.  Cong.  Aviat.  Space  Med.,  21st,  Nunich,  1973,  preprint,  pp. 
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Kukllnski,  P. , and  H.  M.  Uegmann.  Biomedical  Investigations  on  payload 
specialists  during  spacelab  simulation  ASSESS  II.  Aerospace  Med.  Assoc. 
Preprints.  1979,  pp.  93-94. 

Summarizing  the  results.  It  can  be  concluded  that  a Spacelab 
environment,  as  simulated  In  ASSESS  II,  will  affect  well-being  and 
performance  of  Payload  Specialists  through  factors  as  rhythm 
disturbances,  sleep  difficulties,  and  stressful  workload.  These 
effects  are  most  pronounced  during  the  first  three  days  and  In  real 
Spacelab  missions  will  probably  occur  to  a greater  degree  with  the 
added  requirement  for  adjustment  to  weightlessness.  Therefore,  a 
pre-mission  system  sinwiatlon  Is  proposed.  First,  this  would  permit 
an  estimation  of  the  stress  load  to  be  expected,  and  secondly.  It  will 
give  the  opportunity  of  training  and  adaption,  thus  reducing  the 
Impairing  conditions  and  Improving  Payload  Specialists'  effectiveness. 
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Kulesov,  V.  I.  Problem  of  physiologic  shifts  In  ship-borne  helicopter  pilots. 

Voenno-Med.  Zh.  No.  2,  pp.  60-62,  1977. 

Two  flight  crews  of  ship  helicopters  were  tested  for  pulse  at 
rest,  arterial  pressure,  maximum  muscular  exertion,  and  static 
muscular  endurance  during  hydrodynamometry,  and  critical  flicker 
fusion  frequency.  The  results  of  the  Investigation  reveal  a definite 
development  of  fatigue  among  the  flight  crews  during  training  flights. 

1046. 

Kumar,  V.,  P.  C.  Chatterjee,  N.  Ramachandran,  and  J.  K.  Gupta.  Effects  of 

partial  sleep  deprivation  on  psychological  performance  and  behavior.  Aviat. 

Med.  22:  1—7,  1973. 

Ten  healthy  male  volunteers  (21-29  yr.)  were  deprived  of  sleep 
during  the  second  half  of  the  night  so  that  maximum  REM  sleep 
deprivation  could  be  produced.  The  subjects  were  allowed  only  4-hr. 
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sleep  (10  p.m,  to  2 a.a.)  every  night  for  three  consecutive  nights  end 
diys.  The  effects  of  this  partial  sleep  deprivation  on  task 
performance  and  behavior  were  studied.  The  task  perfomance  was 
assessed  on  the  following  tests:  critical  fusion  frequency,  stability 
of  attention  test.  f1  Ight^orlented  psychomotor  test,  choice  reaction 
time  test,  spatial  orientation  test,  and  pursuit  rotor  test.  The 
results  Indicated  an  Increase  In  deterioration  In  performance  on 
certain  tests  with  further  partial  sleep  deprivation  on  two  successive 
nights.  The  deterioration  In  performance  on  sudden  awakening  was 
significant.  The  testees  developed  subjective  complaints  such  as 
Increased  desire  to  sleep,  lack  of  concentration.  Increased  appetite, 
etc.  These  subjective  complaints  disappeared  with  one  night  recovery 
sleep  and  2-3  hours  of  sleep  next  afternoon. 


1047. 

Kundl.  M..  M.  Haider.  N.  Koller.  and  R.  tervinka.  Job  satisfaction  In 
sh1ft>workers  and  Its  relation  to  family  situation  and  health  (abstract).  In: 
Int.  Sywp.  on  Night-  and  Shift-work.  5th.  Rouen,  FR.,  1980,  p.  IV-5. 

1048. 

Kuprillanov,  A.  A.,  and  V.  V.  Oudnikov.  Evaluation  of  physiological  Indices 
during  prefllght  medical  examination  of  pilots.  Voenno-Med.  (2):  49*51 . 
1979. 


Results  are  presented  for  a one*year  study  of  the  circadian 
rhythm  of  basic  physiological  functions  In  50  flying-personnel  members 
aged  24-38.  The  Investigation  Is  carried  out  during  the  period  of 
prefllght  medical  examinations  at  different  times  of  the  day.  The 
results  suggest  that  the  use  of  data  on  the  normal  limits  of  basic 
physiological  Indices  will  contribute  to  the  timely  detection  of 
various  deviations  In  the  functional  state  of  flight  personnel,  due  to 
fatigue.  Initial  symptoms  of  diseases,  several  emotional  responses, 
and  unfavorable  Impact  of  flight  factors. 

1049. 

Kurth,  H.  Mit  Blorhythralk  zum  Erfolg  (With  biorhythm  to  success). 

Stuttgart,  VTehna:  *fu$cRTTkon-2ur1ch,  1972,  104  pp. 

1050. 

Kurucz,  C.  N.,  and  T.  M.  Khalil.  Probability  models  for  analyzing  the  effects 

of  biorhythms  on  accident  occurrence.  J.  Safety  Res.  9:  150-158,  1977. 

This  paper  examines  the  biorhythm  theory  from  a theoretical 
probability  point  of  view  and  provides  a method  for  determining 
critical  days  and  comparing  expected  and  actual  results  with  the 
biorhythm  theory  Is  applied.  The  Implications  for  analysis  of  several 
different  defintlons  of  critical  days  are  noted,  especially  with 
regard  to  changes  In  the  probabilities  used  for  calculations.  The 
authors  recommend  that  observed  accident  frequencies  be  compared  to 
frequencies  expected  If  biorhythm  cycles  did  not  affect  accident 
occurrence  and  tested  using  chi  square  analysis.  A problem  arises 
since  the  zero  crossing  of  the  23  day  physical  cycle  and  the  33  day 
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Intellectual  cycle  occurs  at  midnight,  assuming  the  Individual  was 
bom  at  noon,  and  therefore  one  must  decide  which  Is  the  critical  dayi 
the  one  before  or  the  one  after  midnight*  If  time  of  birth  Is  not 
known,  the  exact  position  of  these  cycles  can  not  be  calculated  and  It 
ffl^  be  necessary  to  calculate  the  expected  cycle  position  based  on 
population  probabilities  of  being  born  before  or  after  noon.  The 
authors  note  that  some  biorhythm  proponents  also  define  days  adjacent 
to  the  critical  day  as  critical  days.  The  authors  provide  tables  for 
accurately  calculating  critical  day  probabilities  given  time  of  birth 
(or  unknown  time  of  birth)  and  assuming  single  or  multiple  critical 
days.  ThQf  caution  that  given  these  problems,  definitional 
probability  of  critical  physical  days  can  vary  from  .09  to  .3  and  that 
observed  data  should  be  Interpreted  consistent  with  a particular 
definition  and  compared  with  expected  results  calculated  using  the 
corresponding  theoretical  probabilities.  These  methods  were  applied 
to  63  FAA  pilot  error  aircraft  accidents  (see  Khalil  and  Kurucz  1977, 
Ergonomics  20:  389)  with  no  significant  findings  of  a relationship 
between  biorhythm  phase  and  accident  times.  The  authors  conclude  the 
reported  success  of  biorhythm  accident  reduction  programs  may  not  be 
due  to  the  biorhythm  effects.  They  cite  accident  statistics  related 
to  critical  days  from  a paper  by  Willis  (Proc.  16th  Ann.  Meet.  Human 
Factors  Soc.,  pp.  272-282,  1972)  in  which  they  recalculated  critical 
day  probabilities  and  found  that  there  was  no  significant  difference 
betwen  observed  and  expected  accident  rates  on  critical  days,  thereby 
refuting  the  results  of  this  paper. 


1051. 

Kuznetsov,  0.  N.,  A.  N.  Litsov.  Psychoneurological  problems  In  man's 
adaptation  to  modified  diurnal  regimes.  Kosm,  Biol.  Med.  7(4):  69-75,  1973, 

This  paper  discusses  theoretical  and  practical  aspects  of  the 
psychoneurologic  and  personality  problems  Involved  In  human  adaptation 
to  an  altered  diurnal  regime  (circadian  cycle).  It  describes  stages 
and  levels  discriminated  In  clinical  and  experimental  desynchronosis. 

The  paper  demonstrates  the  role  of  anticipation,  emotions,  personality 
relationships  and  self-dependence  In  assimilating  general  experience 
for  successful  adaptation  to  an  altered  circadian  cycle.  It 
Interprets  an  Individual  blorhythmological  adaptive  style  as  a 
derivative  of  endogenous  and  exogenous  processes  In  the  course  of 
personality  development.  The  paper  demonstrates  the  significance  of 
the  exterior  phase  for  the  development  of  blorhythmological  adaptive 
capabilities.  It  covers  the  main  characteristics  of  the  personality 
which  may  favor  or  Impede  adaptation  to  an  altered  circadian  cycle* 


1052. 

Kwarecki,  K.  Some  aspects  of  chronoblology  and  their  significance  In  aviation 
medicine.  Artificial  Satellites  11:  71-83,  1976. 

Problems  concerning  chronoblology  and  biorhythms  are  reviewed 
along  with  their  relation  to  aerospace  medicine  and  biology.  The  main 
groups  of  human  biorhythms  are  Identified,  examples  of  each  group  are 
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presented,  end  properties  of  selected  human  biorhythms  art  described* 
Studies  of  chronoblology  In  aviation  medicine  are  discussed  with 
reference  to  factors  which  may  disturb  the  natural  course  of 
biorhythms  In  flight  personnel.  Effects  of  space  flight  on  biorhythms 
are  examined,  particularly  the  effects  of  a lack  of  natural 
synchronizers  In  orbital  and  Interplanetary  space  flights.  It  Is 
shown  that  a catabolic  effect  of  tHyro1d>g1and  hormones  and 
g11 cocorticosteroids  may  be  the  reason  for  the  bone  demineralization 
and  changes  In  the  characteristic  structural  and  functional  features 
of  the  muscle  system  during  prolonged  space  flight. 

1053. 

Kwarecki,  K. , and  6.  Szmiglelskl.  Selected  problems  concerning  biological 
rhythms.  Postepy  Astronau^l  5:  23*28,  197z. 

Survey  of  current  medical  views  on  the  origins  of  biological 
rhythms  and  on  mechanisms  and  effects  of  disruptions  In  these  rhythms. 
Factors  producing  the  24-hr  biological  cycle  In  man  are  described,  with 
emphasis  on  the  modern  concept  of  biological  clock  localized  at  the 
cellular  level.  Effects  of  disrupted  rhythms  observed  In 
speleologists,  astronauts,  and  airline  pilots  are  discussed. 
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1054. 

LaDou,  J.  Circadian  rhythms  and  athletic  performance.  The  Physician  and 
Sportsmedicine  7:6pp..  1979. 

The  competitive  athlete  who  understands  circadian  rhythms  will  be 
able  to  perform  more  effectively.  If  a person's  circadian  rhythms  are 
not  synchronized  with  the  time  zone  he  or  she  has  traveled  to, 
athletic  performance  will  be  below  par. 


1055. 

Lahtinen,  U.,  A.  Lahti nen,  and  P.  Pekkola.  The  effect  of  nitrazepam  on  manual 
skin,  grip  strength,  and  reaction  time  with  special  reference  to  subjective 
evaluation  of  effects  on  sleep.  Acta  Pharmacol ogica  et  Toxicologica  42: 
130-134,  1978.  

1056. 

Lakatua,  D.  J. , F.  Halberg,  E.  Hause,  E.  Halberg,  H.  Levine,  J.  K.  Sackett,  M. 
Thompson,  L.  L.  Sackett,  C.  Graeber,  and  H.  Jacobs.  Timing  of  single  dally 
meal  serves  to  manipulate  relations  among  human  circadian  plasma  growth 
hormone,  cortisol.  Insulin  and  cardiovascular  rhythms  (abstract).  Annual 
Meeting  of  the  Endocrine  Soc.,  58th,  1976,  p.  285. 

It  Is  demonstrated  that  (1)  a method  of  separating  hormonal  and 
other  physiologic  rhythms  by  different  extent  of  adjustment  following 
the  manipulation  of  an  environmental  synchronizer-mealtime.  (2)  the 
fact  that  three  circadian  rhythms  Intimately  related  to  carbohydrate 
metabolism  adjust  differently  on  different  meal  times.  The  latter 
observation  mey  serve  for  optimizing  food  utilization. 

1057. 

Lakatua,  0.  J.,  E.  Haus,  L.  Sackett-Boche,  and  J.  Swoyer.  Phase-shift  of 
endocrine  and  metabolic  circadian  rhythms  following  a single  prolongation  of 
the  wakefulness  span  from  16  to  24  h(-120).  Chronoblologla  4:  127,  1977. 

1058. 

Landau-Ferey,  J.,  et  al.  Night  sleep  patterns  In  post-operative  Intensive 
care  patients.  Rev,Electroencephalogr, Neurophyslol. Clin. 7:  467-472,  1977. 

1059. 

Lanuza,  D.  M.  Circadian  rhythms  of  mental  efficiency  and  performance.  Nurs. 
Clin.  North  Am.  11;  583-594,  1976. 


im 

Lapaev,  I.  I.,  V.  F.  Ivanov,  and  V.  F.  Vasll'chenkov.  Effect  of  the  circadian 
rhythm  of  body  activities  on  the  work  capacity  of  drivers.  Voenno-Med.  Zh.  No. 
2,  pp.  43-44,  1949.  

1061. 

Lapointe,  F.  Blorythmle:  Comment  Prevoir  Vos  Bons  et  Mauvals  Jour. 

(Biorhythm:  How  to  predict  our  good  and  bad  deys).  Hontreai:  uistrlbutlons 
Eclair,  1976,  108  pp. 
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1062. 

Laties,  V.  G.  Modification  of  affect,  social  behavior  and  perfomance  by 
sleep  deprivation  and  drugs.  Psych latr.  Res.  1:  12*35.  1961. 

A 37-hour  period  of  sleep  deprivation  proved  sufficient  to  Induce 
reliable  changes  In  how  men  working  together  In  small  groups  felt  and 
how  they  acted.  These  changes  generally  reflected  both  more  negative 
affect  and  more  negative  behavior.  However,  while  verbal  reports  of 
hostility  Increased,  overt  aggressive  behavior  did  not.  The  subjects 
worked  on  both  group  and  Individual  performance  tasks,  none  of  which 
showed  effects  of  sleep  loss.  A combination  of  amphetamine  and 
secobarbital  moved  reports  of  affect  In  a "positive*  direction,  with 
effects  usually  greater  with  sleep  deprived  subjects.  Task 
performance  was  Improved  by  the  drugs  while  overt  social  behavior 
usually  was  unchanged.  No  evidence  was  found  that  the  group 
performance  changes  were  mediated  by  changes  In  Interpersonal  affect. 

1063. 

Latman.  N.  Human  sensitivity.  Intelligence  and  physical  grcles  and  motor 
vehicles  accidents.  Accld.  Anal.  6 Prev.  9:  109-112.  1977. 

Tested  a hypothesis  describing  the  effect  of  possible  cycle 
fluctuations  of  23.  28.  and  33  day  biorhythm  cycles  on  motor  vehicle 
accidents.  Stu<^  I examined  260  traffic  accidents  recorded  In  a 
midwestern  city  over  a 1-yr  period.  Study  H Included  all  the 
accidents  of  a taxicab  conpar\y  In  the  same  city  over  a 1-yr  period. 

For  the  general  driving  public,  a higher  rate  of  accidents  (37t)  was 
found  to  occur  on  days  termed  critical.  Although  the  positive 
half-period  of  these  cycles  reflected  no  significant  difference  from 
that  predicted,  the  negative  half-period  of  the  28  day  cycle  had  fewer 
accidents  (37»)  as  compared  with  the  predicted  rate  (46»).  Results 
suggest  that  there  appears  to  be  a good  correlation  betwen  the 
proposed  cyclces  and  motor  vehicle  accident  occurrences.  Note:  this 
contradicts  biorhythm  theory,  which  predicts  higher  accident  rates  at 
the  low  biorhythm  phase. 


1064o 

Lavle.  P.  Rhythms  In  human  performance.  Catalog  of  Selected  Documents  In 
Psychology  4:  39.  1974. 

The  study  of  human  cyclic  performance  stems  from  three  Independent 
research  concerns.  First,  studies  rooted  In  the  early  days  of 
Educational  and  Experimental  Psychology  searched  for  dally  trends  In 
mental  fatigue.  These  studies  focused  on  the  possible  existence  of 
Independent  rhythms  In  performance  during  the  day  and  reported- 
different  courses  for  mental  and  motor  performance  during  the  waking 
hours.  While  mental  performance  tended  to  show  an  Increase  from 
morning  to  early  noon,  a decline  around  midday,  followed  fay  subsequent 
Increase,  motor  performances  tended  to  peak  during  the  afternoon  hours 
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and  early  evening.  The  second  area  of  research  leading  to  the 
exploration  of  human  cyclic  performance  was  the  study  of  biological 
rhythms.  Researchers  such  as  K1e1tman»  /schoff,  and  others  have 
studied  the  relationships  between  biological  rhythms  and  performance 
during  the  day  and  night  and  reported  on  close  relations  between 
performance  Indexes  and  biorhythms.  The  biorhythmic-  behavioral 
research  has  been  catalyzed  by  problems  stemming  from  the  newly 
adquired  ability  of  man  to  cross  multiple  time  zones  In  a short  time 
and  the  Increasing  necessity  of  shift  work. 

A third  area  of  research  has  attea|>ted  to  Identify  uUradlan 
behavioral  rhythms,  that  Is,  rhythms  shorter  In  perlodocity  than  one 
day.  These  studies  have  emerged  primarily  from  the  extensive  study  of 
sleep  over  the  last  two  decades.  Sleep  has  been  shown  to  display  90 
to  110  minute  cycles  of  active  (REN)  and  quiet  (NONREM)  sleep,  mis 
cycle  was  hypothesized  by  kleltman  in  *961  to  be  the  nightly 
manifestation  of  a 90  to  110  minute  biological  rhythm  that  continues 
around  the  24  hours.  During  the  last  decade,  evidence  has  accumulated 
that  supports  the  existence  of  such  a rhythm  during  the  waking  state 
In  performance,  drive-related  behavior,  perception,  and  general 
acitivlty  level. 

1065. 

Lavie,  P. , and  W.  B.  Webb.  Time  estimates  In  a long-term  time-free 

environment.  /^.  J.  Psychol . 88:  177-186,  1975. 

Subjects  In  a time-free  environment  for  14  days  estimated  the  hour 
and  day  several  times  a day.  Half  of  the  subjects  were  under  a heayy 
exercise  regime.  During  the  waking  hours,  the  no-exercise  group 
showed  no  difference  between  estimated  and  real  time,  whereas  the 
exercise  group  showed  significantly  shorter  estimated  than  real  time. 
Neither  group  showed  a difference  after  the  sleeping  periods. 

However,  the  mean  accumulated  error  for  the  two  groups  was  48.73  hours 
and  was  strongly  related  to  the  displacements  of  sleep/waking 
behavior.  It  Is  concluded  that  behavioral  cues  are  the  primary 
determinants  of  time  estimates  In  time-free  environments. 

1066. 

Lawrence,  G.  H.  Brain  waves  and  the  enhancement  of  pilot  performance.  In: 

Survey  of  Methods  to  Assess  Workload,  edited  by  B.  0.  Hartman,  and  R.  E. 

Mckenzie.  Neullly-sur-Selnel  NATO,  Advisory  Group  for  Aerospace  Research  and 

Development,  AGARU-AG-246,  pp.  93-102. 

The  use  of  brainwaves  (EEG)  for  the  enhancement  of  the  performance 
of  aircraft  pilots  Is  an  Idea  which  requires,  for  Its  development,  the 
Integration  of  two  previously  Independent  lines  of  research  endeavor: 
human  performance  assessment  and  central  nervous  system  neurophysi- 
ology. A human  performance  research  paradigm  specifically  relevant  to 
the  study  of  pilot  performance.  In  the  context  of  which  the  use  of 
brain  waves  may  feasibly  be  studied,  will  be  discussed  later. 

Attention  Is  now  directed  to  the  state  of  the  art  of  brain  wave 
research  and  brain-behavior  relationships,  specifically  those  aspects 
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which  are  considered  to  be  feasibly  and  usefully  applicable  for 
potential  use  In  simulated  aircraft  crew  stations  or  eventually  In  a 
real -world  environment* 

1067. 

Layne.  J.  N.  Activity  responses  of  two  species  of  Peromvscus  (Rodentia, 
Murldae)  to  varying  light  cycles.  Oecologla  (Berl.)  7:  ZZ3-241,  1971. 

1068. 

Leach,  C.  S.,  and  J.  A.  Rummel.  Temporal  relationships  of  urinary 
constituents  before  and  after  long  duration  space  fllaht.  In: 

ChronobloloQlcal  Aspects  of  Endocrinology,  edited  by  u.  Aschoff,  et  al. 
Stuttgart:  Schattauer:  l97T,  pp.  81-69. 

1069. 

Lebedev,  V.  I.  and  B.  A.  Leonov.  Cosmic  fllght-watch-standing  and 
psycho-physiological  rhythms.  In:  Perception  of  Space  and  Time  In  Outer 
Space.  Washington  D.C.:  Joint  Publications  Research  servTce,Xv68,  pp.~8-15. 

1070. 

Lecocq,  J.  Au  sujet  de  quelques facteurs  suseptibles  d'lnfluencer  1 'action 
pathologique  des  horalres  de  travail  en  equipes  tournant  3x8.  Arch.  Mai. 

24:  214-218,  1963. 

1071. 

Leddy,  S.  Sleep  and  phase  shifting  of  biological  rhythms*  Int.  J.  Wurs. 

Stud.  14:  137-150,  1977. 

1072. 

Leeks,  R.  C.  The  Influence  of  Biorhythms  In  Traffic  Accidents.  (M.S.  thesis) 
Arizona  State  UnTversIty.  i978. 

1073. 

Lees,  M.  A.,  K.  A.  Kimball,  and  L.  W.  Stone.  The  assessment  of  rotary  wing 
aviator  precision  performance  during  extended  helicopter  flights.  Ft.  Rucker, 
Ala.:  Any  Aeromedical  Research  Lab.  In:  Studies  of  Pilot  Workload, 
Neuilly-sur-Seine:  NATO,  Advisory  Group  for  Aerospace  ilesearch  and 
Development.  1977,  13  pp. 

Man  machine  system  performance  during  a five  dey  extended  flight 
was  evaluated  with  emphasis  on  the  changes  In  pilot  performance  and 
aircraft  stability  during  the  stabilized  3-ft  precision  hover 
maneuver.  Changes  In  subjective  reactions  of  fatigue  and  flight 
performance  and  In  the  measurement  of  auditory  reaction  time  are  also 
discussed.  Data  obtained  suggest  the  occurrence  of  a learning  effect 
across  the  first  dqy  of  extended  flight.  The  most  stable  hover 
performance  was  observed  during  the  second  flight  dey.  By  the  third 
flight  dey,  pilots  ettempted  tc  melnteln  high  quell^  precision  hovers 
through  an  Increase  In  the  number  of  control  Inputs.  On  the  fourth 
dey  of  flight  the  pilots  have  shifted  their  control  technique  from 
active  control  of  the  helicopter  to  a more  passive  strategy  of 
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responding  to  observed  error.  The  subjective  reting  scales 
demonstrate  a progresfive  Increase  In  the  rated  levels  of  fatigue 
between  and  within  flight  days.  This  Increase  In  the  level  of  fatigue 
corresponds  to  a general  decrease  In  the  ratings  of  flight 
performance. 

1074. 

Leff,  0.  N.  Biorhythm  fans  have  charts  too-but  little  scientific  support. 

Medical  World  News  20:  46,  1979. 

This  short  review  article  on  the  biorhythm  theory  reports  that  Dr. 
H.  Levine  of  the  New  Britain,  Conn.  General  Hospital  has  been 
recording  his  personal  physical,  emotional,  and  Intellectual  rhythms 
for  10  years  and  reports  that  this  data  has  no  relation  to  the  cycles 
of  a commercial  biorhythm  chart. 


1075. 

Leff,  0.  N.  Chronoblologists  tell  clinicians  - think  circadian.  Medical 
World  News  20;  44-53,  1979. 

1076. 

Lehwess-Lltzmann,  I.  Leltstung  und  Zeltzonenfluge  (Performance  and  time  zone 
flights).  Techlsch-Okonomische  Informatlonen  der  Zlvllen  Luftfahrt  10:  50-54, 
1974.  


The  bo<1y  of  man  Is  governed  by  various  biological  cycles  which  are 
disrupted  when  he  travels  across  many  time  zones  In  a short  period  of 
time,  as  Is  done  by  aircraft  crews  on  long  distance  flights.  This 
results  In  a decrease  of  performance  ability  unless  extra  resting  time 
Is  granted  before  making  another  flight.  An  ICAO  formula  Is  discussed 
according  to  which  the  minimum  necessary  resting  time  Is  calculated  as 
a function  of  the  flight  time,  the  number  of  time  zones  crossed,  and 
the  local  times  of  departure  and  arrival.  For  a flight  from  New  York 
to  Tokyo,  this  resting  time  would  come  to  two  and  a half  days. 

1077. 

Lelbowitz,  S.  F.  Brain  catechol ami nergic  mechanisms  for  control  of  hunger. 

In:  Hunger;  Basic  Mechanlwis  and  Clinical  Implications,  edited  by  0.  Novin, 

W.  Kyrwlcka,  and  G«  ‘^ray.  New  York:  Raven  ^ress,  197^,  pp.  1-18. 

1078. 

Lekhan,  V.  M.  Coi|>arat1ve  assessment  of  physiological  functions  In  female 

workers  engaged  In  different  shifts.  Gig.  Trud.  Prof.  ZaboK  16:  38-40,  1972. 

1079. 

Lekhan,  V.  M.  Characteristics  of  body  functioning  while  performing  work  of 

varying  severity,  taking  Into  account  Its  shifts.  Fizlol.  Zh.  20:  553-555, 

1974.  
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1080. 

Leonard,  R.  Ai|>1itude  of  the  teiRperature  circadian  rhythn  and  tolerance  of 
night*  and  shift-work  (abstract).  In:  Int.  SjniP*  on  Night-  and  Shift-work. 
5tii,  Rouen,  FR.,  1980,  p.  VI-4.  

1081. 

Leonov,  A.  A.,  and  V.  I.  Lebedev.  Ftikholoolchesklye  problewv  weahplanetnego 
poleta  (Psychological  probleias  of  interblbhlxat^  ThflhV). 

IzdateT  'stvo  NauKa,  l9/S,  pp.  4^48.  (English  Vansiatlon  NASA  TT  F-16536, 
1975.) 


The  monograph  examines  the  questions  of  psychological 
compatibility  among  crew  members  of  and  1nterplaneta|7  ship  under  the 
conditions  of  group  Isolation,  the  extended  effect  of  weightlessness 
on  human  mental  processes,  the  effect  of  sensory  and  Information 
starvation  on  the  appearance  of  unusual  mental  states,  emotional 
stress,  and  the  rhythm  of  working  and  rest. 


1082 

LePage,  W.  A. , R.  F.  Thatc'ier,  and  P.  J.  Dean.  A conceptual  model  for  the 
effects  of  operational  stress.  In:  Higher  Mental  Functioning  In  Operational 
Environments,  edited  ty  6.  0.  Hartman.  Heullly-sur-selne:  HAiU,  noVIsOlry 
Group  for  Aerospace  Research  and  Development,  AGARO-CP-181,  1976,  pp.  C9-1  - 
C9-5. 

1083. 

Lester,  J.,  T.  H.  Knapp,  and  R.  Roessler.  Personality,  physiology, 
performance,  and  sleep  deprivation.  Psychophyslol.  13:  180,  1976. 

Groups  formed  from  subjects  selected  for  extreme  scores  on  the 
Barron  Ego  Strength  Scale  (ES)  and  on  the  Barratt  Impulsiveness  Scale 
(BIS)  differed  In  the  number  of  signals  correctly  detected  In  a visual 
monitoring  task  during  a 72-hr  sleep  deprivation  experiment.  Subjects 
who  scored  on  the  ES  scale  detected  more  signals  than  did  normal 
or  low  Es  subjects.  Subjects  who  scored  low  on  the  BIS  also  performed 
significantly  better  on  the  vigilance  task.  Sleep  deprivation 
produced  substantial  decrements  In  heart  rate  and  In  four  performance 
measures  (aamrisslon  errors.  Interrogation  rate,  reaction  time,  and 
word  forgetting).  There  was  significant  covariation  of  heart  rate  and 
two  performance  measures,  omission  errors  and  Interrogation  rate.  In 
particular  for  the  low  ego  strength/high  Impulsiveness  group,  the 
personality  group  which  showed  the  greeted  deterioration  of 
performance  over  the  sleep  deprivation  period.  Skin  conductance  was 
found  to  be  lower  for  those  subjects  with  high  ego  strength.  The 
results  are  discussed  In  relation  to  the  effects  of  personality  typos 
and  physiological  arousal  on  performance  during  sleep  deprivation. 

1084. 

Lester,  J.,  T.  N.  Knapp,  and  R.  Roessler.  Sleep  deprivation,  personality,  and 
performance  on  a complex  vigilance  task.  Waking  and  Sleeping  1:  61-65,  1976. 
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Groups  formd  fron  subJtcts  soloctod  for  txtrene  scorts  on  the 
Berron  E90  Strenfth  Scale  (Es)  and  on  the  Barrett  Impulsiveness  Scale 
(BIS)  differed  In  the  nuMher  of  signals  correctly  detected  In  a visual 
Monitoring  task  during  a 72-hour  sleep  deprivation  experliient* 

Subjects  Mho  scored  high  on  the  Es  scale  detected  more  signals  than  did 
nomal  or  Iom  Es  subjects.  Subjects  who  scored  Iom  on  the  BIS  also 
perfomed  significantly  better  on  the  vigilance  task.  Sleep 
deprivation  produced  substantial  decreaients  In  four  perforMnce 
Measures.  The  results  are  discussed  in  relation  to  the  effects  of 
personality  types  on  perfomiance  during  sleep  deprivation. 

loss. 

LeVere*  T.  E. , R.  T.  Bartus.  and  F.  0.  Hart.  Electroencephalographlc  and 
be  .avloral  effects  of  nocturnal  ly  occurring  Jet  aircraft  sounds.  Aerospace 
Hed.  43:  384-389.  1972. 

The  present  research  presents  data  relative  to  the  objective 
evaluation  of  the  effects  of  a specific  coMplex  auditory  stlawlus 
presented  during  sleep.  The  auditory  stiMulus  Mas  a Jet  aircraft 
flyover  of  approxlamtely  20-sec  duration  and  a peak  Intensity  level  of 
approxiMately  80  db  (A).  Our  specific  Interests  Mere  In  terns  of  hOM 
this  stiMulus  Mould  Interact  with  the  frequency  pattern  of  the 
sleeping  EEG  and  whether  there  Mould  be  ary  carry-over  effects  of  the 
nocturnal ly  presented  stiMUll  to  the  waking  state.  The  results 
Indicated  that  the  physiological  effects  (changes  In 
electroencephalographic  activity)  produced  by  the  Jet  aircraft  stlffluH 
outlasted  the  physical  presence  of  the  auditory  stliull  by  a 
considerable  degree.  Further,  It  was  possible  to  note  both  behavioral 
and  electroencephalographic  changes  during  waking  performances 
subsequent  to  nights  disturbed  by  the  Jet  aircraft  flyovers  which  were 
not  apparent  during  performances  subsequent  to  undisturbed  nights. 

The  results  then  suggest  that  even  1 lari  ted  exposure  to  nocturnal 
stiMull  rdilch  do  not  necessarily  produce  behavioral  awakening  can 
nonetheless  produce  significant  changes  In  an  Individual's  pattern  of 
sleeping  and  waking  EEG  and  overt  waking  performance. 

1086. 

LeVere,  T.  E.,  6.  W.  Norlock,  and  F.  0.  Hart.  Waking  performance  decrements 
following  MlniMal  sleep  disruption:  The  effects  of  habituation  during  sleep. 
Physiol.  Psychol . 3:  147-154,  1975. 

The  present  research  wos  concerned  with  rriiether  the  occurrence  of 
habituation  to  auditory  stimuli  during  sleep  Might  attenuate  the 
disruptive  effects  these  stiMull  can  have  on  waking  performance. 

Human  subjects  were  exposed  on  different  nights  to  either  0,  6,  or  24 
presentations  of  a 15  sec.  burst  of  filtered  auditory  noise,  and 
their  Morning  waking  performance  was  measured  by  a mactlon  time  task 
previously  shown  to  be  sensitive  to  minimal  sleep  disturbances.  The 
results  Indicated  that  on  nights  when  24  stimuli  were  presented,  the 
subjects*  average  arousal  response  was  significantly  lees  as  com>*'^ 
to  the  nights  when  6 stimuli  were  presented,  thus  deiionstratlng  the 
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occurrence  of  hebl tuition.  However,  the  decreeted  iverege  irouul 
when  24  ttlMill  occurred  wis  not  etsoclited  with  superior  momlnp 
perfonMnce.  On  the  contriry,  the  subjects  performed  significantly 
better  following  the  nights  when  only  € stimuli  occurrred  even  though 
the  average  arousal  associated  with  the  stimulus  presentations  were 
significantly  greater.  The  data  thus  suggest  that  the  relation 
between  sleep  disruption  and  waking  per*c*mince  Is  a function  of  not 
only  the  arousal  produced  ty  the  IndlvK^iil  stimulus  occurrences  but 
also,  and  perhaps  more  Importantly,  the  number  of  stimuli  occurring 
during  the  night. 


1087. 

Levi,  L.  Psychological  and  physiological  reactions  to  and  pswhomotor 

Serformance  during  prolonged  and  complex  stressor  exposure.  In:  Sti^ss  and 
Istress  In  Response  to  Psychosocial  Stlwill.  edited  by  L.  Levi.  Oxford: 

Tergal  Pi^ss,  Tmrpp*  iiinfe 

1068# 

Levin,  H.  Health  and  wort  shifts.  In:  Shift  Work  and  Health,  edited  by  P* 

G.  Rentes,  and  R.  D.  Shepard.  Washington  U.£T.:  u.o.  of  Health, 

Education,  and  Welfare,  1976,  pp.  S7-69. 

1089. 

Levine,  H.,  E.  Halberg,  F.Halberg,  h.E.  Thoamton,  R.  C.  Graeber,  0.  Thoimson, 
and  H.  L.  Jacobs.  Changes  In  Internal  timing  of  heart  rate,  diastolic  blood 
pressure  and  certain  aspects  of  physical  and  mental  performance  In  presumably 
healthy  subjects  on  different  meal  schedules.  Proc.  Int.  Cong.  Int.  Soc. 
Chronoblel.,  12th,  Milan:  II  Ponte,  1977,  pp,  T3SR487” 

Good  agreement  - relative  In  step  synchronization  - with  near  zero 
differences  In  circadian  group  acrophases  Is  found  for  rhythms  In 
right  and  left  grip  stren^h,  finger  counting,  adding  speed,  vigor  and 
mood  of  presumably  healthy  adult  human  volunteers  under  conditions  of 
ad  libitum  eating.  The  timing  of  these  same  rhythms  Is  also  In  good 
I^reaiidnt'wlth  that  reported  earlier  for  similar  functions  of  other 
groups  of  healthy  volunteers.  Moreover,  the  timing  of  these 
particular  performance  acrophases  was  roughly  similar  when  the 
subjects  ate  but  one  single  meal,  as  breakfast  only  or  as  dinner  only. 

8y  contrast  to  such  psycho*phys1olog1ca1  performance  rhythms,  heart 
rate  exhibited  an  advance  In  acrophase  on  breakfast  only  and  a delay 
on  dinner  only.  The  circadian  acrophase  of  diastolic  blood  pressure 
was  delayed  by  breakfast  rather  than  by  dinner, 

1090. 

Levine,  H. , G.  Heiberg,  R.  B.  Sothem,  F.  C.  Bartter,  U.  J.  Meyer,  and  C. 
Oelea.  Circadian  phase-shifting  with  and  without  geographic  displacement. 

In:  Biorhythms  and  Human  Reproduction,  edited  by  M.  Ferin,  F.  Halberg,  R.M. 
Richart,  and  R.  L.  "Vande  Wifeie.  Mew  Tork:  Wiley  Md  Sons,  1974,  pp.  557-573. 

Changes  In  the  sleep/wakefulness  routine  and  consequent 
phase-shifting  of  physiologic  functions  at  different  rates  have 
provided  an  Important  means  for  studying  circadian  rhythms  In 
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particular.  However,  phase-shifting  promises  to  become  a biologic 
tool  of  even  broader  scope  and  may  well  serve  In  the  future  for 
scrutinizing  Interactions  between  circadian  rhythms  and  reproductive 
cycles,  among  others. 


1091. 

Lewis,  S.  A.  Sleep  after  shift  In  synchronisers.  Int.  Cong.  Aviat.  Space 
Med.,  21st,  Munich,  19M,  preprints,  p.  264. 

1092. 

Lewis,  S.  A.,  G.  A.  Christie,  J.  R.  Oaly,  J.  I.  Evans,  and  M.  Moore-Roblnson. 
Preliminary  results  of  the  vigilance  tests  from  "Project  Pegasus".  In: 
Aspects  of  Human  Efficiency:  Diurnal  Rhythm  and  Los.s  of  Sleep,  Proc.  of  the 
Symposl urn. , stra sbburg,  KK * , l»/u,  eolteo  by  Wfi  P.  CoT^unbun.  London: 
English  Universities  Press,  1972,  pp.  307-315. 

Discussion  of  the  vigilance  tests  results  forming  an  Integral  part 
of  Project  Pegasus,  an  Interdisciplinary  study  of  the  biochemical, 
physiological,  and  behavioral  aspects  of  the  time  zone  'syndrome'.  A 
team  of  14  subjects  were  administered  vigilance  tests  when  assembled 
In  London  on  November  4th,  after  being  flown  to  San  Francisco  on 
November  10th,  and  following  the  return  flight  to  London  on  November 
21st,  1969.  The  results  indicate  that  some  of  the  subjects  were 
relatively  unaffected  by  the  flight  while  others  were  considerably 
affected.  THe  very  large  individual  differences  were  the  most 
striking  feature  of  all  the  results. 


1093. 

Levy,  A.  J.,  T.  A.  Uehr,  and  F.  K.  Goodwin.  Sunlight  and  artificial  light 
have  different  effects  on  melatonin  secretion  In  humans  (abstract).  In:  Int. 

Sywp.  on  Nl^t-  and  Shift-work,  Sth,  Rouen,  FR.,  1980,  p.  II-6. 

1094. 

Lille  F.,  0.  Sens-Salls,  P.  Ullsperger,  F.  Chellout,  L.  Borodulin,  and  Y. 
Burnod.  Heart  rate  variations  In  air  traffic  controllers  during  day  and 
night-work  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work,  Sth,  Rouen, 

FR.,  1980,  p.  VII-5. 

1095. 

Lindberg,  R.  G.,  E.  Halberg,  F.  Halberg,  and  P.  Hayden.  Inversion  of  lighting 
regimen  alters  acrophase  relations  of  circadian  rhythms  In  body  temperature, 
heart  rate  and  movement  of  pocket  mice.  Space  Life  Scl.  4:  240-248,  1973. 

A blotelemeter  capable  of  simultaneously  monitoring  body 
temperature,  heart  rate,  and  animal  movement  was  used  to  determine 
(1),  whether  those  three  parameters  could  be  uncoupled  or  made  to 
change  their  circadian  phase  relationship  In  response  to  reversal  of 
the  photoperiod  (2),  If  measuring  the  three  parameters  could  Improve 
our  understanding  of  circadian  phenomenon  In  pocket  mice,  and  (3), 
whether  a cosinor  form  of  time  series  analysis  could  be  applied 
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meaningfully  to  pocket  mice  data  mhlch  appear  as  high  amplitude  square 
waves*  All  three  questions  were  answered  affirmatively  although 
considerable  Individual  variability  was  observed  between  the  three 
mice  studied* 

1096* 

Llndsley*  o*  F*»  R*  H*  Wendt,  R*  Fugett,  D*  6*  Lindsiqy,  and  W*  R*  Adey* 
Diurnal  activity  cycles  In  monkeys  under  prolonged  vlsuaUpattern  deprivation* 
J*  Comp*  Physiol*  Psychol  * 55:  633*640.  1962* 

Two  macaque  monkeys,  one  rhesus  and  one  cynomolgus,  were  raised 
from  3 weeks  of  age  for  1 year.  In  an  environment  Isolated  from 
patterned  auditory  stimulation  by  white  noise  and  deprived  of  light 
except  for  1 hr*  of  unpattemed  light  stimulation  each  day*  The 
activity  of  the  two  monkeys  was  continuously  monitored  by  a 
stabllmeter  system*  Analysis  of  the  records  revealed  Intrinsic 
diurnal  activity  cycles  which  were  anchored  to  the  period  of  light 
stimulation  and  shifted  position  on  an  absolute  time  scale  when  the 
light-stimulation  period  was  shifted.  Dropping  of  feeding  periods  or 
shifting  the  feeding  schedule  had  no  such  effect  on  the  activity 
cycle*  With  each  shift  In  the  light  schedule  a transition  period  of  3 
to  5 weeks  was  required  before  the  activity  cycle  stabilized  In  a new 
location  relative  to  the  light* 

1097* 

Llndsley*  D*  B*,  R*  H*  Wendt,  D*  F*  Llndsley,  S*  S*  Fox,  J*  Howell,  and  W*  R* 
Adey.  Diurnal  activity  behavior  and  EEG  responses  In  visually  deprived 
monkeys*  Ann*  N^.  ^*  Acad*  $c1*  117  : 564-588,  1964* 

1098. 

Lisper,  H*  0*.  I*  Dureman,  S*  Ericsson,  and  N*  G*  Karlsson*  Effects  of  sleep 
deprivation  and  prolonged  driving  on  a subsidiary  auditory  reaction  time* 
Accld.  Anal*  Prev*  2:  335-341,  1971* 

1099. 

Lisper,  H.  0.,  6.  Eriksson,  K.  0.  Fagerstrom,  and  J*  Lindholm.  Diurnal 
variation  In  subsidiary  reaction  time  In  a long-term  driving  task*  Accld* 
Anal.  Prev.  11:1-6,  1979* 

Traffic  accidents  show  a marked  diurnal  rhythm,  which  Is  a seldom 
Investigated  phenomenon*  One  possible  background  factor  examined  In 
the  present  stue|y  Is  the  biological  circadian  rhythm*  Eight  subjects 
drove  for  3 hr,  beginning  at  0300,  0900,  1500,  and  2100*  During  each 
session  a subsidiary  reaction  time  task  was  used  as  an  Indirect 
measure  of  driving  performance.  Critical  confounding  factors,  such  as 
lighting  conditions,  traffic  Intensity,  amount  of  sleep  preceding  the 
session  and  temperature  In  the  car  were  considered*  The  results 
showed  that  there  were  small  differences  In  the  level  of  performance 
among  the  four  sessions*  However,  differences  In  the  rate  of 
performance  deterioration  were  not  observed.  From  these  results  It 
was  concluded  that  biological  rhythm  as  a single  variable  has  only  a 


315 


minor  Influence  on  this  type  of  performance.  Consequently  the  diurnal 
rhythm  of  traffic  accidents  must  be  attributed  to  other  factors  such 
as  long  hours  of  driving  and/or  sleep  deprivation  which  culminate 
during  the  morning  hours. 


1100. 

Lisper.  H.  0.,  and  A.  KJellberg.  Effects  of  24-hour  sleep  deprivation  on  rate 
of  decrement  In  a 10-m1nute  auditory  reaction  time  task.  Exp.  Psychol . 96: 
287-290,  1972. 

A reaction  time  (RT)  task  of  short  duration,  characterized  by  4 
high  signal  rate  (16  signal  s/ml nute)  was  used  to  examine  If  1 night  of 
sleep  deprivation  (SO)  In  Interaction  with  task  duration  did  transfer 
and/or  change  the  RT  distribution.  Eight  Ss  participated  on  two 
occasions:  after  $0  and  after  normal  sleep.  From  a significant 
Interaction  between  SO  and  task  duration  for  25th,  50th,  and  75th 
percentiles.  It  was  concluded  that  there  was  a general  Increase  In  RT. 
Strengthening  of  the  Interaction  for  the  75th  percentile  values  and 
significantly  more  blockings  for  the  last  minutes  In  SO  also  did 
confirm  an  Increased  skewness  found  by  other  researchers.  Since  these 
effects  are  a function  of  Interaction,  It  Is  suggested  that  one  of  the 
effects  of  SO  can  be  an  accentuation  of  the  decrement  found  In 
vigilance. 

1101. 

Litsov,  A.  N.  Experimental  study  of  the  diurnal  rhythm  of  physiological 
functions,  performance  and  sleep  In  man  modified  regimes  with  double 
alternations  of  sleep  and  wakefulness.  Kosm.  Biol.  Med.  7(5);  78-85,  1973. 

The  dynamics  of  diurnal  rhythm  of  physiological  functions,  work 
performance  and  sleep  of  test  subjects  exposed  to  two  schedules  with  a 
double  alternation  of  work  and  rest  exhibited  the  same  three  stages 
(latent,  apparent,  and  deep)  which  were  observed  under  other 
schedules.  The  a^ptatlon  of  these  subjects  to  this  alternation  of 
sleep  and  wakefulness  may  adher  to  a fractloned  (4+4  hours  and  6+2 
hours),  displaced  (4  + 0.6  + 0 hours)  or  mixed  (fractloned,  disturbed, 
and  refractloned)  schedules.  The  best  schedule  was  a cycle  with  6+2 
hours  of  sleep.  A schedule  with  two  equal  sleep  cycles  can  be  used 
temporarily  to  solve  operational  or  emergency  problems  as  well  as  an 
Immediate  one. 

1102. 

Litsov,  A.  N.  Investigation  of  the  rhythm  of  sleep  and  wakefulness  In  crews 
of  the  spaceships  Soyuz  3-9  before,  during  and  after  exposure  to  spaceflight. 
In;  Izd.  Akad  Nauk  SSR.  $c1.  Biol.  6:  836-845,  1972  (Engl,  transl.  In: 
Washington  D.(!*:  National  Aeronautics  A Space  Administration, 
NASA-II-F-15103,  1973  16  pp.). 
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During  the  course  of  preparations  for  space  flight  and  during  Its 
execution,  the  crews  of  the  Soyuz>3*9  exhibited  similar  disturbances 
In  the  rhythms  of  sleep  and  wakefulness  associated,  on  the  one  hand, 
with  the  Influence  of  modified  dally  schedules  and  on  the  other  haid, 
neuropsychic  stress  and  weigh! essness.  The  dynamics  of  higher  nervous 
activity  of  these  cosmonauts  during  space  flight  revealed  four  stages: 

(1)  deterioration  In  the  general  feeling  of  well  being,  performance 
and  sleep,  (2)  recovery  and  retention  of  functlon.1  state  and 
performance  of  the  cosmonauts  to  a high  level,  (3)  gradual  decline  In 
functional  state  and  performance  of  the  cosmonauts,  and  (4)  brief 
Increase  In  functional  state  and  performance  of  the  cosmonauts 
immediately  before  landing.  During  the  postfllght  period  there  was  a 
general  slowing  In  the  rate  of  resynchronization  of  the  sleep  and 
wakefulness  rhythms. 

1103 

Litsov,  A.  N.  Rhythm  of  Sleep  and  Wakefulness  In  Crews  of  the  Spaceships 
Soyuz  3-9  before,  during  and  after  Exposure  to  Spaceflight.  Report  No. 
dPRS-58,  1973,  17  pp. 

The  report  contains  data  on  the  work  and  rest  regimes  of  crew 
members  of  the  Soyuz  3-9  space  ships  In  the  course  of  preparations  for 
and  Implementation  of  space  flight. 

1104. 

Litsov,  A.  N.  Principles  In  formulating  optimum  sleep  and  wakefulness  regimes 
for  man  during  prolonged  space  flights.  Kosm.  Biol.  Aviakosm.  Med.  8(2): 
71-75,  1974.  

The  main  steps  which  can  be  taken  to  prevent  unfavorable 
responses  of  cosmonauts  to  changes  In  work-rest  schedules  are  as 
follows:  development  of  optimum  schedules,  their  good  agreement  with 
the  blorhythmological  peculiarities  of  every  crew  member,  and 
preliminary  adaptation  of  cosmonauts  to  the  new  cycle  under  favorable 
conditions  on  the  earth.  The  optimum  regimes  are  the  routine  regimes 
to  which  man  normally  adheres.  Relatively  optimum  regimes  are  those 
which  provide  a rapid  but  Incomplete  rearrangement  of  the  cycle. 
Non-optimum  regimes  are  those  which  are  not  followed  by  a 
synchronization  of  the  basic  functions  of  the  human  body  and  the 
altered  environment.  The  optimum  level  of  the  diurnal  cycle  Is 
dependent  to  a certain  extent  on  the  duration  of  sleep  and  wakefulness 
periods,  their  change  and  fractionation,  distribution  of  work  and 
rest,  etc.  During  space  flight  static  24-hour  cycles  seem  to  be  the 
best;  there  may  or  may  not  be  a transition  to  a new  dally  regime. 

1105. 

Litsov,  A.  N.  Effects  of  prolonged  unidirectional  shift  of  sleeping- waking 
cycle  on  physiological  functions,  mental  productivity  and  sleep  of  man.  Kosm. 
Biol.  Aviakosm.  Med.  13(1):  53-58,  1979. 

The  paper  gives  the  results  of  three  30-day  experiments  carried 
out  to  study  the  effect  of  migration  of  the  sleep-alertness  cycle  on 
physiological  functions,  psychic  productivity  and  sleep  of  man.  The 
migration  was  aggravated  by  the  Initial  change  of  the  cycle  which 
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varied  from  7 to  11  hours*  All  test  subjects  showed  a counter- 
clockwise migration  which  amounted  to  a 1.5  hour  shift  every  - 5 
days.  All  test  subjects  demonstrated  functional  cerebral  chances, 
decline  of  psychic  productivity  and  sleep  disorders.  The  level  of 
those  disturbances  depended  on  the  value  of  the  Initial  shift  of  the 
sleep  - alertness  cycle  and  on  the  cumulation  of  the  migration  effect. 
Those  disorders  were  noted  even  when  the  prechanged  sleep  - alertness 
cycle  approximated  the  normal  pattern  as  a result  of  migration.  The 
results  Indicate  that  the  migrating  day  - night  pattern,  particularly 
In  combination  with  the  Initial  shift  of  the  sleep  - alertness  cycle, 
cannot  be  recommended  for  manned  space  missions*  Good  health 
condition  and  high  work  capacity  of  cosmonauts  can  be  maintained, 
only  If  a 24-hour  sleep  - alertness  cycle  with  a normal  sleep  pattern 
Is  provided* 

1106. 

Litsov,  A.  N.  The  peculiarities  of  human  sleep  under  double  alternation  of 

cycles  sleep-waking*  Izv.  Akad.  Nauk.  SSSR  Ser.  Biol.  4:  505-511,  1979. 

The  long-term  experiments  with  double  alternation  of  cycles 
"sleep-waking"  cause  the  expressed  disturbances  In  sleep  both  In 
quality  (orolonged  falling  asleep,  perfunctory  sleep,  frequently 
awakening)  and  In  quantity  (decreasing  of  sleep  duration).  Under  two 
four-hours'  regime  of  sleep  four  periods  were  distinguished: 

-Initial  (the  first  day)  period  with  good  sleep  for  the  two  Intervals; 
-the  second  (2-6  days)  period  with  sleep  disturbances  for  the  two 
Intervals; 

•the  third  (5-8  days)  period  with  Improvement  and  worsening  of  sleep 
by  turn  for  the  two  Intervals; 

-the  fourth  day  (8-10  days)  period  with  sleep  Improvement  and  Its 
prolongation  to  6 hours  at  day  time  and  Its  decreasing  to  2 hours  at 
night. 

Under  two  unequal  Intervals  of  sleep  regime  three  periods  were 
noted: 

-Initial  (1-3  days)  with  sleep  disturbances  for  the  two  Intervals; 
-Intermediate  (3-5  days)  period  with  sleep  Inprovement  at  day  time; 

-the  third  (5-8  days)  period  with  sleep  Improvement  at  night; 

The  sleep  Improvement  was  coming  quicker  under  the  regime  with 
unequal  distribution  of  Intervals  then  that  under  two  four. hours 
regime* 

1107. 

Litsov,  A.  N. , and  I.  F.  Sarayav.  Effects  of  unusual  schedules  of  dally 

activity  and  sleep  deprivation  on  man's  functional  state  and  work  fitness. 

Kosm.  Biol.  Aviakosm.  Med.  14(1);  17-23,1980. 

Physiological  functions,  work  capacity  and  sleep  characteristics 
of  six  healthy  test  subjects  were  studied  for  30  days.  The  test 
subjects  adhered  to  one  of  the  three  different  regimens  (1  - sleep 
from  2:00  a.  m.  to  10:00  a.  m. , 2 - sleep  from  7:00  p.  m.  to  2:00  a. 
m.  and  3 - sleep  from  10:00  a*  m.  to  6:00  p.  m. ) which  were  aggravated 


by  64  hr  or  72  hr  vigilance  during  the  experiment.  The  studies 
demonstrated  general  and  specific  changes  In  physiological  functions* 
work  capacity  and  sleep  closely  associated  with  the  fact  how  far 
work -rest  cycles  were  shifted  and  how  long  thay  were  applied. 

Prolonged  vigilance  caused  similar  changes  In  physiological  functions* 
work  capacity  and  sleep.  The  test  subjects  showed  very  poor  tolerance 
to  an  alteration  In  the  work-rest  cycle  combined  with  sleep 
deprivation. 


1108. 

Lobban,  N.  C.  Physiological  circadian  rhythms  In  shift-workers  In  the  high 
arctic  (abstract).  Int.  Chronoblol.  3:  12*  1975. 

1109. 

Lobban*  N.  C.  Circadian  rhythms  of  renal  excretion  In  nurses  on  night  duty 
(abstract).  Egonomics  21:  865,  1978 

Nurses  who  are  permanently  employed  on  night  duty  provide  a 
population  of  experienced  night  workers  In  which  physiological 
adaptation  to  their  unusual  hours  of  work  may  be  Investigated  (Folkard 
and  Haines  1977*  Lobban  and  Nessling  1977).  In  two  recent  studies  on 
full-time  (working  four  successive  nights  per  week)  and  part-time  (two 
nights)  night  nurses  their  circadian  rhythms  of  renal  excretion  of 
water*  potassium*  sodium  and  chloride  have  been  compared  with  those  of 
nurses  working  the  normal  day  shift. 

The  rhythms  of  both  full-time  and  part-time  nloht  nurses  showed 
considerable  disorganization  on  the  first  night  shift*  with  low 
relative  amplitudes;  this  disruption  was  most  marked  In  potassium* 
althou^  this  Is  normally  the  most  rhythmically  stable  of  the  urinary 
constituents  studied.  Some  degree  of  reorganization  was  observed  In 
most  of  the  nurses  on  subsequent  working  nights*  with  a tendency  of 
the  rhythms  to  approximate  to  the  temporal  phase  of  the  subjects' 
"night-oriented"  activity  patterns.  In  the  full-time  group*  the 
rhythms  of  potassium,  water,  and  chloride  showed  satisfactory  temporal 
phasing  and  higher  relative  amplitudes  on  the  fourth  night.  These 
findings  Indicated  both  long-term  physiological  adjustment  to  working 
at  night  and  futher  Improvement  In  rhythmicity  within  each  weekly 
period  of  night  shifts.  In  both  studies  It  would  appear  that  the 
full-time  group  of  night  nurses  attained  a greater  degree  of 
Physiological  adjustment  to  night-work  than  did  the  part-time  group. 

1110. 

Loeb,  M.,  and  E.  A.  Allulsl.  An  update  of  findings  regarding  vigilance  and  a 
reconsideration  of  underlying  mechanism.  In:  Vigilance:  Theory.  Operational 
Performance,  ooj  Physiological  Correlates,  edlteo  by  K.  k.  HAcKle.  new  Vorki 
Plenum  Press * 197>,  pp.  7i9->49. 

The  effects  of  numerous  display*  task,  and  organismic  variables 
known  to  Influence  monitoring  behaviors  are  reviewed,  and  the 
principal  models  or  theories  to  explain  such  behaviors  are  assessed  In 
light  of  the  empirical  findings.  The  current  status  of  vigilance 
theories  In  the  mid-1970s  Is  summarized  as  follows:  (1)  Recent 
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rese«rch»  like  previous  reseerch»  has  failed  to  confirm  any  one  theory 
exclusively,  (2)  the  data  available  continue  to  cast  doubt  on  the 
prospect  of  any  current  theories  beino  able  to  account  adequately  for 
all  established  vigilance  phenomena,  (3)  the  differentiation  of 
"cortical  arousal*  may  provide  a basis  for  a useful  advance  In  an 
arousal •theory  explanation  of  some  monitoring  phenomena,  especially  as 
related  to  certain  brain-wave  activities,  and  (4)  other  factors  not 
encompassed  by  any  of  the  theories  are  knoun  to  affect  vigilance,  some 
of  them  to  appreciable  extent* 


1111. 

Lomonaco,  T.  Ritml  blologicl  In  medicina  aerospazlale.  (Biological  rhythms 
In  aerospace  medicine.)  Minerva  Hed.  63:  430-433,  1972. 

Biological  rhythms  tied  to  local  times  persist  after  rapid  air 
transportation  to  a different  time  zone.  The  ensuing  physlopsychic 
conflicts  are  not  resolved  until  a number  of  days  have  passed. 

1112. 

Lomonaco,  T.  Human  factors  as  the  cause  of  aviation  accidents,  and  their 
prevention*  Minerva  Hed.  65:  1552-1556,  1974. 

The  human  factor  In  air  accidents  and  their  prevention.  - 
Psychological  and  physiological  causes  likely  to  be  responsible  for 
air  accidents  are  listed,  together  with  aeromedical  means  for  their 
prevention.  Stress  Is  laid  on  strict  medical  examination  when 
s1gn1ng-on  aircrew  and  during  periodic  checkups.  Airports  should 
employ  aerospace  mechlne  specialists  devoted  to  the  prevention 
diseases  arising  from  flying  and  holding  of  courses  for  pilots  In 
fundamental  principles  of  aeronautical  medicine. 


1113. 

Lortle,  N. , J.  Foret,  C*  Telger,  and  A.  Lavllle.  Circadian  rhythms  and 
behavior  of  oermanent  nioht  workers.  Int.  Arch.  Occup.  Environ.  Health  44: 
1-11,  1979.  

This  paper  describes  rest/activity  rhythms  of  permanent 
shift-workers:  rotary  printers.  They  reported  during  one  week  the 
hours  of  their  sleep  onset  and  of  their  meals,  and  their  subjective 
appreciation  of  tiredness  and  mood.  The  average  sleep  duration  (7.84 
h)  can  be  compared  with  that  of  day  workers  and  Is  fairly  longer  than 
the  duration  of  dqy  sleep  of  shift-workers  when  they  are  on 
nightshift.  This  long  sleep  can  be  accounted  for  by:  (1)  the  early 
bedtime  (around  05.00  h),  (2)  an  adjustment  of  biological  rhythms  to 
the  schedule  Inversion.  Other  evidence  (naps,  meal  time)  supports  the 
hypothesis  of  a physiological  adjustment.  It  is  pointed  out  that  this 
adjustment  Is  fragile:  the  printers  must  have  very  rigid  life  habits 
and  schev'ules  (sleep,  meals).  Each  time  they  change  this  strategy 
(especially  during  week-end)  It  Is  subjectively  felt  as  detrimental. 
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1114. 

Loskant.  H.  Der  Einfluss  ver$ch1«denar  Schlchtformen  auf  d1«  Gasundhelt  und 
das  Wohibefinden  des  Uechselschichtarbelters  (The  Influence  of  different  kinds 
of  shift  on  the  health  and  physical  fitness  of  alternating  shift  iiorkers). 

Zbi.  Arbeltswed.  20:  133-144,  1970. 

1115. 

Loskant,  H.,  and  P.  Knauth.  Kriterlen  zur  Gestaltung  der  Schichtarbelt.  In: 
Ergonowlsche  Aspekte  der  Arbeltsaedlzln.  edited  by  W.  Brenner,  W.  Rohpwrt,  and 
J.  Rutenfranz.  berlclfr' uber  die  lb,  Jahrestagung  der  Deutsche  Gesel  1 schaf t 
fur  Arbeltsmedizin  In  Nunchen,  1975.  Stuttgart:  A.  H.  Gentner  Verlag,  1976, 
pp*  231-240. 

1116. 

Lotz,  W.  G.  Physiological  response  to  acute  aricrowave  exposure  depends  on  the 
circadian  rhythm  (abstract),  fed.  Proc.  39:  989,  1980. 

1117. 

Louis.  A.  N.  Should  you  buy  biorhythms?  Psychology  Todey  11:  93,  95-96, 

1978.  


The  author  claims  that  anecdotal  reports  of  biorhythm  cycle 
phase-performance  relationships  are  largely  selected  after  the  fact  to 
support  the  theory.  In  two  studies  he  coapared  observed  and  expected 
frequencies  of  positive,  negative,  and  critical  phases  of  the  3 
biorhythm  cycles  on  Individual  baseball  pitches  of  100  no  hit  games 
from  1934  to  1975,  and  found  no  significant  differences.  He  also 
analyzed  biorhythmic  cycle  phases  in  100  heavyweight  boxing  title 
fights  between  1889  and  1976  under  the  hypothesis  that  the  winner 
would  have  a * biorhythmic  advantage"  (I.e. , winners  biorhythms  In  a 
positive  phase,  losers  biorhythms  In  a negative  or  critical  phase.  No 
significant  correlation  was  found  between  biorhythm  phase  and  boxing 
performance. 

1118. 

Lubln,  A.,  D.  J.  Hord,  M.  L.  Tracy,  and  L.  C.  Johnso.  Effects  of  exercise, 
bedrest  and  napping  on  performance  decrement  during  40  hours. 

Psychophysiology  13:  334-339,  1976. 

1119. 

Lubln  A.,  J.  M.  Moses,  L.  C.  Johnson,  and  P.  Naltoh.  The  recuperative  effects 
of  REM  sleep  and  stage  4 sleep  on  human  performance  after  complete  sleep  loss: 
experiment  1.  Psychophysiology  11:  133-146,  1974. 

Twelve  young  (17-21  yr. ) male  Navy  recruits  volunteered  for  a 
sleep  loss  study*  After  4 baseline  days,  the  subjects  were  completely 
deprived  of  sleep  for  2 days  and  nights.  Next  followed  an 
experimental  phase  of  2 days  and  nights  after  which  all  subjects 
received  2 nights  of  uninterrupted  sleep.  During  the  experimental 
phase,  the  4 subjects  In  the  rapid  eye  movement  IREM)  deprived  group 
were  aroused  whenever  they  showed  signs  of  REM  sleep.  The  4 subjects 
of  the  stage  4 deprived  group  were  aroused  whenever  they  showed  signs 
of  entering  stage  4 sleep,  and  ^he  4 subjects  of  the  Control  group  had 
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uninterrupted  sleep.  All  tests  (speed  end  accureof  of  edd1t1on»  speed 
and  accuracy  of  seU  paced  vipllance*  errors  of  omsslon  In 
experimenter  paced  vipllance,  Immediate  recall  of  word  lists,  and 
mood)  showed  significant  1i|>a1nient  after  the  first  night  of  complete 
sleep  loss.  But  during  the  experiment  (sleep  stage  deprivation)  and 
recovery  phases,  all  3 groups  showed  equal  rates  of  recovery* 

Depriving  the  subject  of  stage  REN  or  stage  4 during  recovenr  sleep 
does  not  affect  the  recuperation  rate.  Frequent  arousal s (5D-100  per 
night)  also  do  not  Impair  recovery*  The  amount  cf  sleep  Is  probably 
more  Important  then  the  kind  of  sleep. 

1120. 

Lubln.  A..  C.  Nute.  P.  Naltoh.  and  W.  B.  Nartin*  EC6  delta  activity  during 
human  sleep  as  a damped  ultradlan  rhythm.  Psychophysiology  10:  27*35.  1973. 

1121. 

Lucas,  E.  A.  Effects  of  five  to  seven  days  of  sleep  deprivation  produced  by 
electrical  stimulation  of  midbrain  reticular  Information.  Exp.  Heurol  49: 
554-568.  19/5. 

1122. 

Lucas.  E.  A.  Effects  of  short  light-dark  cycle  on  the  sleep-wake  patterns  of 
the  cat.  Sleep  1:  299-317,  1979. 

1123. 

Lucas,  R.  Untersuchungen  uber  den  Wachtschlaf  des  Nenschen  ^1  circadian 
frellaufendem  Schiaf-wachtyTrus.  Plssertailon.Tiarburg.  1^73. 

1124. 

Luce.  G.  6.  Look  what  they're  doing  for  Jet  fatiguel  Travel  A Leisure  2: 
42-43.  90,  1972.  

1125. 

Luce,  G.  G.,  0.  McGInty.  and  J.  Segal.  Current  research  on  sleep  and  dreams. 
Washington  D.C.:  U.  S.  Dept.  H.E.M.,  Public  Health  Service  Publication  No. 
1389,  1971,  125  pp. 

1126. 

Lund,  R.  Clrcadlane  Perl ode  physlologischer  und  psychologlscher  Varlablen  bel 
2 blinden  Vpn  mit  und  ohne  ^ellwoer.  (Pn.o.'j^sis).  wunich.1v/4. 

1127. 

Lund.  R.  Personality  factors  and  desynchronization  of  circadian  rhythms. 
Psychosom.  Med.  36:  224-228.  1974. 

About  201  of  human  subjects,  living  under  constant  conditions 
(without  time  cues)  showed  rhythms  of  activity  and  temperature  with 
greatly  different  periods  Clntemal  desynchronization').  Psycho- 
logical testing  Indicated  that  these  physiologically  Internally 
desynchronized  subjects  had  a significantly  greater  tendency  for 


322 


neurotIcISM  and  showed  a significantly  greater  tendency  to  coMplaIn  of 
Physical  ailments  than  the  other  80S  of  the  subjects,  which  were  not 
Internally  desynchronized  with  regard  to  rhythm  of  activity  and 
tenperature* 

1128. 

Lund,  R.  Instability  of  circadian  rhythms  and  personality  factors  (abstract)* 
Ergonomics  21:  863,  1978. 

Subjects  aoed  20-3^  with  high  neuroticism  scores  and  complaints 
of  physical  ailments  show  a greater  tendency  for  "Internal 
desychronisatlon"  of  the  rest-activity  end  body  teifierature  rhythms 
under  constant  conditions  without  Zeitgeber  than  "stable"  subjects 
(Lund  1974).  Several  recent  Isolation  experiments  have  confirmed  this 
finding,  which  has  been  Interpreted  as  a weakness  of  the  coupling 
betwen  these  rhythms.  Wever  (1975)  also  found  a correlation  between 
age  and  Internal  desynchronisation;  however,  his  subjects  had  low 
neuroticism  scores. 

There  are  four  possible  factors  which  could  account  for  this 
Internal  desynchronisation:  (1)  Sleep,  since  there  Is  a correlation 

between  poor  sleep  and  both  neuroticism  and  age;  (2)  Low  Amplitude 
Rhythms,  since  these  are  sometimes  seen  In  the  aged  and  In  patients 
with  psychopathological  disturbances:  (3)  Abnormal  Periodicity,  since 
the  free-running  period  of  the  rhythms  of  those  Ss  who  show  Internal 
desynchronisation  has  been  found  to  differ  from  those  who  do  not;  ano 
(4)  Response  to  Stress,  which  Is  greater  In  emotionally  labile  and 
older  subjects. 

In  experiments  where  "forced  Internal  desynchronisation"  was 
achieved  ty  exposing  subjects  to  30  deys  of  LO-schedules  ranging  from 
20  to  32  h,  post-trial  neuroticism  scores  were  significantly 
Increased.  It  Is  hypothesised  that  the  conflict  between  Intrinsic 
rhythms  and  the  demands  of  the  new  environmental  and  social  conditions 
created  fay  shift  work  will  be  exacerbated  by  personality  factors  like 
neuroticism,  since  this  seemed  to  be  the  case  In  these  experiments, 
where  most  of  the  subjects  were  aware  that  the  LO-schedules  were 
changing.  Thus,  the  disadvantages  of  shift  work  can  be  expected  to  be 
particularly  marked  for  people  with  high  neuroticism  scores,  who.  In 
ary  case,  may  exhibit  desynchronisation  In  their  circadian  rhythms  In 
such  circumstances. 

1129. 

Lutz,  T.,  T.  N.  Kramer,  and  T.  Roth.  The  relationship  between  mood  and 
performance  (abstract).  Sleep  Res.  4:  152,  1975. 

1130. 

Lutz,  T.,  T.  Roth,  N.  Kramer,  and  J.  Pel  son.  The  relationship  between 
sleepiness  and  performance  (abstract).  Sleep  Res.  5:  104,  1976. 

1131. 

Lynch,  H.  J.,  0.  C.  Jimerson,  Y.  Ozaki,  R.  M.  Post,  W.  E.  Bunry,  Jr.,  and  R. 
J.  Uurtman.  Entrainment  of  rhythmic  melatonin  secretion  In  man  to  a 12-hour 
phase  shift  In  the  llght/dark  cycle.  Life  Scl.  23:  1557-1564,  1978. 
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Dally  rKythns  In  melatonin  secretion  were  monitored  In  four 
healthy  uduU  males  fcy  measurino  the  melatonin  contents  of  sequential 
4-hour  urine  specimens  and  of  plasma  samples  collected  at  12-hour 
Intervals,  or,  In  one  subject,  continuously  for  24  hours.  All 
subjects  exhibited  similar  diurnal  rhythms,  with  peak  urinary 
melatonin  excretion  rates  and  blood  melatonin  levels  occurrlne  during 
the  dally  period  of  darkness  and  sleep.  When  the  dally  llght/dark 
regimen  was  phase-shifted  hy  100^ • the  plasma  and  urinary  melatonin 
rhythms  required  5-7  days  (depending  on  the  subject)  to  re-entrain  to 
the  new  schedule.  Simultaneous  measurements  of  plasma  melatonin 
levels  and  melatonin  excretion  rates  Indicate  that  urinary  melatonin 
reflects,  with  remarkable  fidelity,  circulating  melatonin  levels. 


1132. 

tynch,  H.  J.,  Y.  Ozaki,  0.  Shakal,  and  R.  J.  Wurtman.  Melatonin  excretion  of 
man  and  rats:  effect  of  time  of  day,  sleep,  pinealectoiv  end  food 
consumption.  Int.  J.  Biometeor  19:  267-279,  1975. 

1133. 

to^nch,  H.  J.,  and  R.  J.  Wurtman.  Physiological  significance  and  control 
mechanism  of  pineal  hormone  rhythm  In  mammals:  Control  of  rhythms  In  the 
secretion  of  pineal  hormones  In  humans  and  experimental  animals.  In: 
Biological  Rhythms  and  Their  Central  Mechanism,  edited  by  M.  Suda,  0. 
hayaishi, ind  H.  halTagawa.  New  York:  Elsevler/North-Hol 1 and  B1 omedical 
Press,  1979,  pp.  117-132. 

1134. 

Lyon,  W.  S.  F.  F.  Oyer,  and  0.  C.  Gary*  Biorhythm:  Imitation  of  science. 
Chemistry  51:  5-7,  1978. 

Analysis  was  made  of  112  lost  time  accidents  from  Oak  Ridge 
National  Laboratory  with  respect  to  biorhythm  cycle  critical  days. 
Observed  accident  frequencies  did  not  exceed  e:q>ected  frequencies  for 
any  of  the  3 biorhythm  cycles.  Also,  no  significant  differences  were 
found  when  accidents  were  broken  down  Into  categories  of  victim  at 
fault,  victim  not  at  fault,  and  Indeterminate  fault. 


1135. 

Lysaght,  R.,  T.  Roth,  M.  Kramer,  and  P.  Sails.  Variations  In  subjective  and 
body  te^erature  across  the  day  (abstract).  Sleep  Res.  7:  308,  1978. 
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1136. 

Maasen.  A.,  A.  N1ars«  and  P.  Vlrhaaftn.  Quantitativa  and  aualltattva  aspects 
of  sleep  In  four-shift  tuorlcers.  Eroonoirtcs  21:  874,  1978. 

Over  a 25  week  per‘i.>d,  27  shift-workers  Iwean  age  28  y)  made 
dally  recordings  of  their  sleep  and  waking  times,  together  with  notes 
of  sleep  Interruptions,  difficulties  In  getting  to  sleep,  and 
pre-sleep  consuiS>t1on  of  sleeping  pills  and  coffee.  The  subjects  had 
followed,  for  a 4 y,  a semi -continuous  four-shift  system,  comprising 
six  morning  shifts  (0800-1600  h),  six  afternoon  shifts  (1600-2400  h), 
six  night  shifts  (2400  • 0800  h)  and  six  free  days.  The  six-day  shift 
periods  were  from  Monday  till  Saturday,  and  were  always  followed  ty  a 
free  Sunday.  The  mean  sleep  duration  (Including  the  post-shift 
Sunday)  was  8 h 15  min  on  the  morning  shift,  7 h 56  min  on  the 
afternoon  shift,  7 h 26  min  on  the  night  shift,  and  8 h 18  min  on  the 
free  week.  The  overall  mean  duration  over  the  four  weeks  was 
exactly  8 h.  Within  each  of  the  four  shifts  there  were  substantial 
Interindividual  differences.  The  amount  of  sleeep  was  significantly 
greater  during  the  free  week,  and  significantly  smaller  during  the 
night-shift  week,  than  thi  amount  of  sleep  In  each  of  the  other  three 
weeks.  Difficulties  In  getting  to  sleep  were  not  very  common,  but 
were  significantly  more  frequent  on  the  afternoon  and  night  shifts 
than  on  the  morning  shift  or  on  the  free  week.  Sleep  Interruptions 
were  more  common  on  the  night  shift,  their  mean  maiber  per  sleeping 
period  and  subject  amounting  to  0.35.  However,  correcting  for  these 
sleep  Interruptions  did  not  noticably  change  the  sleep  duration 
values.  These  results  suggest  that  the  duration  and  quality  of  sleep 
In  these  shift  workers  was  quite  satisfactory.  This  may  be  due  to  the 
particular  time  schedules  used  In  the  shift-system,  to  the 
compensation  for  partial  loss  of  sleep  made  possible  by  the  free  week, 
to  the  occurrence  of  some  (self-)  selection,  and,  finally,  to  the 
relative  youth  of  the  subjects. 

1137. 

Maasen,  A.,  et  a1.  Quantitative  and  qualitative  aspects  of  sleep  In  young 
self-selected  four-shift  workers.  Int.  Arch.  Occup.  Environ.  Health  45: 
81-86,  1980. 

1138. 

MacFarlane.  W.  V.  Night  light  and  human  functions.  lES  Lighting  Review  36: 
35-41,  1974.  * 

Changes  of  lighting  and  work  patterns  are  Important  In  shift 
working.  In  time-zone  displacement  and  In  military  types  of 
operations.  The  disruption  of  the  circadian  rhythm  which  results.  Is 
discussed  In  relation  to  a nimiber  of  physiological  functions.  The 
bo4y  eventually  adjusts  Itself  to  these  abnormal  living  patterns  but 
at  different  rates  for  different  people. 
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1139. 

MacKenzfe.  J.  Hom  blortiytlMS  aff«ct  jfour  11f«.  Scitnct  Dlgast.  Aug.  1973,  pp. 
18-22.  


This  Is  a general  review  article  on  bloHiytlin  theory  which  Is 
generally  supportive  of  the  theory*  It  cites  the  aeager  scientific 
evidence  supporting  the  theory*  Including  a claln  that  R»  Hersey 
discovered  the  33  day  Intellectual  ry;;1e  (for  a critique  of  this 
claln*  see  Hersey  1931  J.  Mental  Sell  77:  ISl  In  bibliography)*  It 
also  cites  a 1971  paper  by  Sandia  Laboratories  In  which  lab  accidents 
over  a 20  years  were  analyzed.  Th^y  reported  the  possibility  of 
heightened  accident  susceptibility  during  a phase  slarllar  to  that 
In  which  the  Individual  was  bom* 


1140. 

Mackle.  R.  R.,  editor.  Vigilance:  Theory.  Operational  Perfomnnee.  and 
Physiological  Correlates,  new  VoHc:  PTwun  Press*  19//*  Sbz  pp. 

1141. 

Mahoney*  R.  P.  A Tyt  of  the  Haul  Blortorthai  Theory  (Ph.O*  Thesis)* 
California  SchonT  o/  ^t^essTonal  Psychology*  1979 


This  study  exaailned  blorhythn  cycle  phase  and  critical  day 
relations  with  persons  seeking  Inpatient  psychiatric  services  during  a 
critical  day*  and  neasureiaents  of  Mnual  dexterity  self-congruence* 
nultipllcatlon  abilities  and  electroayograph  recordings  In  98 
students.  Little  relationship  was  found  between  apy  of  the  Matures 
and  the  critical  day  hypothesis.  However*  Mnual  dexterity  was 
positively  correlated  with  the  physical  cycle*  self-reported  Ideal  vs. 
actual  activity  levels  were  negatively  correlated  with  the  enotlonal 
cycle  and  Mth  scores  were  positively  correlated  with  the  Intellectual 
cycle.  A 7.66  day  sub-cycle  of  the  physical  cycle  was  found  to 
significantly  correlate  with  perforMnee  on  the  Mnual  dexterity* 
Psychiatric  Inpatient  adnisslons  were  also  found  to  negatively 
correlate  with  the  eMtIonal  cycle*  The  electroMyograph  data 
desM>nstrated  no  significant  relationships  to  the  blorhythnlc  cycles* 
Insufficient  InforMtIon  on  saiM>11ng  and  statistical  Mthods  is 
available  In  this  abstract  to  evaluate  the  authors'  findings* 


1142. 

Makarov*  V.  I.  Effect  of  the  physical  load  on  huMn  biorhythm  - relating  to 
space  flight.  In:  Optiwizatlon  of  the  Professional  Activity  of  a Cosmnaut. 
Moscow:  Izdastel  'stvoTISufi7T9777  pp*  130=135:  “ 

The  effects  of  Increased  physical  load  on  the  biorhythm  of 
healthy  untrained  huMns  were  studied  for  the  purpose  of  detervrfnlng 
the  upper  IliHt  of  physical  loading  to  which  people  can  adapt  without 
disruption  of  the  Inherent  rhythm  of  their  piqrslologlcal  functions. 

The  stress  caused  by  physical  loading  Is  considered  with  attention  to 
the  desynchronization  It  causes  and  the  lowering  of  the  general 
adaptative  capability  of  the  organIsM*  Physical  load  Is  a negative 
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tff«ct  of  prolonged  Molghtlessneit,  as  would  be  caused  ly  a vsyage  In 
space. 


1143. 

Nakowsaka.  Z.  Kl^t  and  shift  work.  Preference  of  a working  shift  and  shift 
svstens.  Sleep  t1«e  and  fatigue  of  wonen  ewployed  In  three  shift  system  In 
the  textile  Industry.  Ned.  Pracy  25:  321-332,  1974. 

1144. 

Nilavlya,  P.  and  K.  Ganesh.  Individual  differences  In  productivity  across 
types  of  work  shift.  J.  Appl.  Psychol.  62:  527-526,  1977. 

Productivity  eeasures  fron  60  weavers  who  alternately  worked  day 
and  swing  shifts  under  sleflar  environmental  conditions  were  coepared 
to  check  the  validity  of  the  conclusions  of  an  earlier  study.  Ones 
again,  the  results  showed  that  although  day-shift  productivity  as  a 
whole  was  significantly  hl^ier  than  that  of  the  swing  shift,  weavers 
differed  In  their  relative  productivity  between  the  two  shifts.  Some 
weavers  produce  more  during  the  day  shift  whereas  others  produced  more 
during  the  swing  shift. 

1145. 

Nalbecq,  U.,  G«  Cornel Issen,  and  J.  De  Prins.  Some  methods  for  the  assessment 
of  phase  shift  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work.  5th, 
Rouen,  FR..  1980,  p.  1-3. 

The  nonstationary  nature  of  a time  series  affected  by  phase  shift 
mkes  analysis  difficult.  The  authors  suggest  that  for  conditions  In 
which  phase  and  amplitude  slowly  varies,  that  complex  demodulation  or 
chronoblological  serial  sections  would  be  appropriate.  Cosinor 
analysis  Is  limited  In  value  unless  adjustments  are  made  (time  series 
decimtion).  Discrete  spectral  analysis  Is  less  sensitive  to 
correlated  noise  and  rhythm  shape. 

1146. 

Mallardl,  V.  Biorhythms  and  Your  Behavior.  Bethlehem,  Pa:  Nedia  America, 
Inc.,  1975.  

1147. 

Nallardi,  V.  Blocycles:  You  Can  Use  Biorhythm  to  Forecast  Your  Future  and 
That  of  Your  ravont^ew-l^ers.  oeri,  i^b. 

114B. 

Nallardi,  V.  Biorhythm  and  Your  Behavior:  A Pei^onal  Diary  and  Planning 
Program  for  Tim  and  LffeDFjiciTves.  Phlla^phla:  kunning  Vress,  16^6,  80 

pp. 


This  book  provides  an  elemntary  discussion  of  biological 
rhythm,  chronotherapy  and  FI  less*  biorhythm  theory.  The  author  often 
confuses  the  biorhythm  theory  with  biological  rhytlmi  research.  In  a 
foreword,  he  dimisses  commrclal  biorhythm  charting  as  nonsense,  yet 
later  discusses  the  Flless*  23  and  28  day  cycles  (from  which  biorhythm 
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charting  was  derived)  along  with  biological  rhythn  research  as  If 
there  were  no  distinction.  He  Mentions  that  biological  rhythns  can  be 
phase  shifted  or  altered  but  falls  to  see  how  this  conflicts  with  the 
theory  ^f  Imautable  blorhythn  cycles  of  constant  period  length.  The 
author  discounts  the  results  of  statistical  studies  In  which  no 
relation  between  accidents  and  blorhythM  cycles  was  found  by  stating 
that  biorhythm  effects  a tendency  for  performance  but  Is  not  a 
guarantee  of  performance  levels  (and  thereby  Implies  that  biorhythm 
tendencies  are  not  statistically  significant!).  He  believes  biorhythm 
will  be  useful  for  the  future  scheduling  of  physical  exertion,  sexual 
relations,  group  activities,  decision  making  and  vacations. 


1149. 

Mangina,  0.  V.  The  physiological  cost  of  flight  work.  Voenno-Med.  Zh.  Ho.  6, 
pp.  61-64,  1971. 

1150. 

Mann,  H.,  E.  Poppel,  and  J.  Rutenfranz.  Untersuchungen  zur  Tagesperlodik  der 
Reaktionszelt  bel  Nachtarbelt.  (Circadian  rhythm  of  reaction  time  during 
night  work.  III.  Correlations  between  body  temperature  and  reaction  time.) 
Int.  Arch.  Arbeltsmed.  29:  269-284,  1972. 

Body  temperature  and  reaction  time  werre  Investigated  In  7 
subjects  during  5 periods  of  Investigation.  Simultaneous  measurement 
of  both  variables  were  taken  every  4 hrs.  In  each  period  of 
Investigation  body  temperature  and  reaction  time  showed  clear  24 
hr-rhythms.  During  the  course  of  the  day  reaction  time  decreased  when 
body  teiaperature  Increased  and  vice  versa.  There  was  a significant 
negative  correlation  of  all  pairs  of  data  of  both  variables  which  were 
measured  at  different  times  of  the  day.  No  significant  correlation 
between  body  temperature  and  reaction  time  was  obtained  when  values  of 
the  same  time  of  day  from  several  days  or  average  values  from 
successive  days  were  compared. 

It  Is  concluded  that  the  negative  correlation  of  body 
temperature  and  reaction  time  Is  based  on  the  phase-relationship  of 
their  circadian  rhythms  and  not  on  a direct  causal  connection. 

Therefore,  body  temperature  cannot  be  regarded  as  an  Indicator  of 
performance. 

1151. 

Mann,  H. , J.  Rutenfranz,  and  S.  Stiller.  Untersuchungen  zur  Tagesperlodik  der 
Reaktionzelt  bel  Nachtar1>e1t  - IV  Tagesperlodlsche  Anderungen  der  Parameter 
Empirlscher  Reaktionszeitvertell ungen.  (Circadian  rhythm  of  reaction  time 
during  nignt  work.  II.  Diurnal  variations  In  the  parameters  of  eim>1r1cal 
histograms  of  reaction  times.)  Arch,  of  Occupational  Health  31:  193-207, 

1973.  


The  parameters  of  eipirical  frequency  distributions  of  reaction 
times  were  Investloated  at  different  times  of  the  day  In  12  Ss  by 
measurements  of  multiple  choice  reaction  time  with  visual  signals. 

The  reaction  titaes  used  as  the  basis  for  the  frequenc;y  distributions 


328 


were  measured  every  4 hrs  at  6 different  times  of  day*  Each  4-m1nute 
examination  Involved  the  recording  of  24  reaction  times.  No  changes 
In  reaction  time  occurred  during  Individual  examinations.  The 
arithmetic  mean  and  standard  deviation  of  the  frequency  distributions 
measured  at  different  times  of  day  revealed  clear  circadian  changes, 
the  phases  bearing  the  same  relationship  to  the  time  of  day  In  each 
case.  There  was  no  circadian  variation  In  the  variation  coefficients 
or  the  skewness  of  the  frequency  distributions.  It  Is  concluded  that 
lengthening  of  reaction  time  during  the  night  Is  caused  by  a general 
diminution  of  reaction  velocity  while  the  shape  of  the  frequency 
distributions  remains  constant. 

1152. 

Mann,  H.,  J.  Rutenfranz,  and  R.  Never*  Circadian  rhythn  of  reaction  time 

during  night  work.  II.  Relation  between  mean  and  range  of  oscillation.  Int. 

Arch.  Arbeltsmed*  29:  175-187,  1972. 


1153. 

Manson,  J.  C.  Cyclic  variations  of  the  frequency  of  neutrophil  leucocytes 
with  "androgen-induced"  nucleus  appendages  in  man.  Life  Sciences  4;  329-334, 
1965. 


Smears  of  capillary  blood  from  one  man  collected  over  5 months 
r*evealed  a period  of  27.2  days  (range  25-30,  counted  from  minima  to 
minima)  In  the  frequency  of  leucocytes  having  one  or  more 
c-appendages. 

1154. 

Martel,  P.  J.,  G.  W.  G.  Sharp,  S.  A.  Slorach,  and  H.  J.  Vipond.  A study  of 
the  roles  of  adrenocortical  steroids  and  glomerular  filtration  rate  In  the 
mechanism  of  the  diurnal  rhythm  of  water  and  electrolyte  excretion.  0* 
Endocrinol.  24:  159-169,  l9o2. 

1155. 

Martin,  D.  E. , J.  L.  Elliot,  and  B.  S.  Garcha.  Can  highs  and  lows  be 
predicted?  Runners  World  12:  40-41,  1977. 

The  authors  obtained  Information  on  1395  track  races  from  23 
runners  along  with  a self-graded  Impression  of  each  race.  A set  of 
criteria  were  applied  to  the  sample:  run  on  a flat  surface  of  uniform 

composition,  a precisely  measured  course,  and  run  with  sufficient 
frequency  to  give  statistically  valid  conclusions.  Correlations 
between  graded  and  actual  performance  and  biorhythm  cycle  phases  were 
performed*  No  significant  relationship  was  found  between  biorhythm 
physical  or  Intellectual  cycles  and  performance  but  there  was  a 
significant  correlation  between  graded  performance  and  the  emotional 
biorhythm.  Graded  performance  scores  did  not  differ  on  critical  days 
from  non  critical  days.  Only  10/38  race  dropouts  occurred  on  a 
critical  day* 
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1156. 

Martin,  J.  L.  Relationship  of  Selected  Biological  Rhythms  to  Performance  of 
Competitive  Swimmers  (Ph.  D."Thes7sl.  Dhlv^riity  of  Utah.nTST?: 


The  relationship  between  biorhythm  cycle  phases  and  the 
performance  times  of  31  college  svHmmers  collected  over  2 months  was 
aniyzed  by  chi  square.  A significant  (.05)  relationship  between 
performance  and  the  emotional,  but  not  the  physical  or  Intellectual 
cycles  was  demonstrated.  When  the  physical  and  emotional  cycles  were 
In  oscillation  synchronization,  a close  relationship  between 
performance  and  biological  rhythms  occurred.  The  critical  day  factor 
seemed  to  have  no  definite  relationship  to  performance.  The  author. 

In  using  the  term  "biological  rhythm"  to.  describe  what  Is  dearly  the 
FI  less'  biorhythm  cycles,  perhaps  does  not  understand  the  Important 
distinctions  between  them*  The  reputed  significant  relationship 
between  performance  and  the  emotional  cycle  whould  have  been  more 
convincing  If  the  actual  performance  data  had  been  used  Instead  of 
coded  + or  - values  (with  respect  to  the  mean)  and  If  a multiple 
regression  had  been  performed.  There  Is  no  Indication  In  the  abstract 
of  number  of  performance  tlmes/swlmmer  or  If  circadian  effects  were 
controlled. 


1157. 

Martin,  L.  Biorhythm  Handbooh.  Work  Book  and  Forecaster.  BAN  Books,  1978. 

1158. 

Martinet,  P.  Le  cout  humain  du  travail  en  equlpes  alternantes  dans  une 
fabrlque  de  fils  et  fibres  synthetlques  de  province  (Human  cost  of  alternating 
shift  work  In  a provincial  synthetic  yam  and  fibre  plant).  In:  Service 
Medical  du  Travail.  France:  Rhone-Poullc-Textlle,  1975,  192  pp. 

After  a number  of  general  considerations  on  the  '4-8'  shift  work 
system  (4  teams:  three  8-h  shifts  per  d^y,  one  team  off  duty)  used 
In  the  plant  under  study,  the  staff  concerned  and  the  working 
conditions,  this  doctoral  thesis  presents  the  results  of  a 
questionnaire  survey,  carried  out  among  the  staff,  covering  the 
following  points:  assessment  of  working  hours  In  relation  to  length 
of  service;  advantages  and  disadvantages  of  the  system;  health 
lihpalrment  (nervousness,  fatigue,  digestive  disorders);  variations  In 
frequency  of  digestive  disorders  related  to  working  conditions; 
breakdown  of  occupational  accidents  according  to  time  of  day  or  night; 
workers*  body-weight  charts;  duration  and  quality  of  sleep:  evaluation 
of  continuous  shift  work  In  relation  to  family  and  home  life, 
commuting  problems,  age,  etc;  leisure  activities.  On  the  whole  the 
advantages  tended  to  outweigh  the  disadvantages  and  the  limited  health 
hazard  was  more  than  compensated  by  a number  of  satisfactions  (high 
wages,  free  time).  However,  the  author  Is  against  the  principle  of 
paying  higher  rates  for  shift  work  and  would  prefer  to  see 
compensatory  time  off  granted.  He  also  recommends  reducing  the  number 
of  shifts  In  the  continuous  system. 
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1159. 

Martinez,  J.  L.  Effects  of  selected  inumfnatlon  levels  on  circadian 
periodicity  In  the  rhesus  monkey  (Macaca  mulatta).  J.  Interdlscipl.  Cycle 
Res.  3:  47-59,  1972. 

1160. 

Mason,  K.  An  Investigation  of  the  Biorhythm  Theory.  Workians's  Compensation 
Board  of  BrTYIsR'XSTufefg, '5255  RAalWff  Sr.";  17.  K C.,  1971. 

Studied  expected  and  observed  frequencies  of  13285  Industrial  accidents 
with  respect  to  biorhythm  qycle  critical  days.  Accidents  tended  to 
occur  no  more  frequently  on  critical  days  than  on  noncritical  days. 
Occurrence  of  accidents  on  multicritical  days  did  not  exceed  chance 
expectancy. 

1161. 

Matlryan,  L.  A.,  et  a1.  Quantitative  evaluation  of  biorhythms.  (Russian). 
Blologicheskly  Zhumal  Armenll  30:  31-35,  1977. 

The  authors  propose  to  diagnose  pathology  of  an  organ  from  the 
nature  of  the  deviation  of  Its  biological  rhythms  from  the  norm  and 
to  restore  Its  normal  function  by  applying  vibrations  with  frequencies 
corresponding  to  the  natural  biological  rhythm. 

1162. 

Matllna,  E.  A.,  V.  N.  Vasilev,  and  $.  D.  Gallmov.  Circadian  rhythms  of  the 
activity  of  the  sympatho-adrenal  system  In  the  healthy  man.  Fizlol.  Chrl.  2: 
970-985,  1976.  

Available  published  materials  are  rev'ewed  concerning  the 
circadian  rhythms  for  the  release  of  catecholamines,  their  precursors, 
and  metabolites  In  the  healthy  man  In  the  resting  state,  under 
neuro-emotlonal  stress,  during  exercise,  and  during  change  of  time 
zones.  It  Is  shown  that  release  of  the  cited  substances  In  healthy 
young  Individuals  varies  In  a definite  circadian  rhythm,  and  that  the 
resulting  changes  are  due  to  the  diurnal  dynamics  of  the  activity  of 
the  sympatho-adrenal  system.  Elderly  persons  are  found  to  exhibit 
rhythm  disturbance  consisting  of  the  absence  of  nighttime  reduction  In 
the  release  of  catecholamines.  THe  changes  are  more  pronounced  when 
working  at  night  than  working  In  the  daytime.  THe  higher  amplitude  of 
epinephrine  release  fluctuation  In  athletes  as  compared  to  untrained 
persons  points  to  permanent  stress  on  the  adrenal  medulla  In  modern 
high-level  sports  activities.  Change  disordered  circadian  rhythm  for 
release  of  catecholamines. 

1163. 

Matsumoto,  K.  Sleep  patterns  In  hospital  nurses  due  to  shift  work:  an 
electroencephalographic  study*  Waking  and  Sleeping  2;  169-173,  1978. 

Daytime  sleep  after  night  duty  (00.30  08.30  h)  and  nocturnal 
sleep  after  dqy  duty  (08.30  16.30)  was  recorded  on  5 hospital  nurses 
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working  under  e three-sh1ft-$y$ten.  The  two  recordings  on  the  seme 
subjects  were  coopered  with  eech  other.  The  cooperlsons  reveeled 
thet:  e)  tlioe  In  bed  end  totel  sleeplno  time  were  significently 
shorter  In  daytime  then  In  nocturne i sleep,  but  there  wes  no 
difference  between  the  two  with  regerd  to  sleep  letency;  b)  In 
deytylme  sleep,  2 of  the  S subjects  were  cherecterized  by  eppeerence 
of  REM  sleep  Immedletely  efter  falling  esieep.  end  by  significent 
shorening  of  REM  letency;  c)  stege  I wes  significently  greeter  In 
proportion  to  totel  sleep  In  deytime  sleep  then  In  nocturnel  sleep, 
end  percent  time  In  stege  2 wes  smeller  In  the  former.  Steges  3 end 
4,  end  REM  sleep,  did  not  differ  In  nocturnel  end  diurnel  sleep;  d; 
when  the  totel  sleeping  time  of  eech  subject  wes  divided  Into  three 
equel  perts.  REM  sleep  In  deytime  sleep  wes  greetest  In  the  middle 
third,  followed  by  the  first  end  lest  third  In  the  descending  order. 
This  distribution  differed  from  thet  In  nocturnel  sleep.  NREM  sleep 
of  steges  3 end  4 during  daytime  sleep  hed  the  lergest  proportion  In 
the  first  third,  followed  by  the  middle  end  lest  third.  The  seme 
distribution  was  observed  In  nocturnel  sleep  except  thet  stege  4 
occurred  proportlonetely  more  In  the  lest  third  of  daytime  sleep. 


1164. 

Metsuffloto,  K.  N.  Sesegewe,  end  M.  Kewemorl.  Studies  on  fetigue  of  hospitel 
nurses  due  to  shift  work.  Jepenese  Journel  of  Industrlel  Heelth  20:  81-93. 


Report  on  e study  In  115  nurses  working  either  e 3-sh1ft  system 
(dey,  evening  end  night  shifts),  e 2-sh1ft  or  e permenent  night  shift 
system.  Compleints  of  fetigue  efter  e shift  were  greetest  for  the 
night  shift,  followed  by  evening  end  day  shift.  Symptoms  of 
drowsiness,  etc.,  were  more  frequent  efter  e shift  following  en 
off-duty  period  of  8 h then  one  of  16  h.  Flicker  fusion  frequency  end 
body  tempereturc  were  extremely  low  during  night  shifts,  especlelly 
between  0400  end  0600  h.  Conclusions:  nurses  ere  edversely  effected 
by  short  off-duty  periods  end  consecutive  night  shifts,  end  the  shift 
system  should  be  corrected  so  es  to  evold  these  conditions. 


1165. 

Metyukhin,  V.  A.  Blorltmologlye  permeshchenly  cheloveke  (Blorhythmology  of 
humen  trevel).  Novosibirsk:  Neuke  Press,  1976. 

This  book  discuses  blologicel  rhythms  In  people  trevelling  In 
letitudinel  directions  with  time-zone  chenges.  Dete  were  presented  on 
the  blologicel  rhythms  of  people  such  es  pilots,  who  systemeticelly 
shifted  locetlon  end  of  people  who  made  e single  long  distence  flight. 
From  these  dete,  the  euthors  determined  normellzetlon  of  synchronl- 
zetlon  periods  for  rhythms  during  long  flights. 


1166. 

Metyukhin,  V.  A.,  D.  V.  Oemln,  end  A.  V.  Yevtsikhevich.  Blorhythmology  of 
huamn  movements.  Novosibirsk:  Neuke,  1976.  Fizlol.  Chel.  3:  560-561,  1977. 
(Book  review  by  N.  A.  Agedzhenyen. ) 
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1167. 

Matyukhfn,  V.  A.,  and  N.  0.  Nedbaeva.  Seasonal  and  diurnal  dynamics  of  skin 
temperature  and  heat  loss  In  adolescents  during  adaptation.  Fizlol.  Chel.  4: 
742-747,  1978.  

1168. 

Maurice,  N.  Shift  Work:  Economic  Advantages  and  Social  Costs.  Geneva: 
International  Labour  Office.  1975,  146  pp. 

In  this  general  Introduction  to  a question  which  Is  the  concern 
not  only  of  ergonomists,  economists  and  production  engineers,  but  also 
of  sociologists  and  Industrial  medical  officers,  emphasis  Is  placed  on 
the  great  variety  of  approaches  to  shift  work  and  on  the  diversity  of 
the  work  schedules  that  now  exist.  Their  respective  advantages  and 
drawbacks  from  the  differing  points  of  view  of  employers,  workers  and 
the  public  authorities  are  examined,  and  attention  Is  drawn  to  a 
number  of  possible  Improvements.  The  study  also  Includes  several 
appendices;  In  addition  to  a selected  bibliography  of  the  main 
publications  used  In  Its  preparation,  the  appendices  give  further 
Information  on  the  labour  legislation  on  shift  work,  examples  of  the 
reasons  for  the  adoption  of  this  method  of  working  In  various  branches 
of  economic  activity,  examples  of  different  arrangements  of  hours  of 
work,  a number  of  case  studies  of  the  Introduction  of  new  systems  of 
continuous  working,  and  statistics. 

1169. 

Maurice,  M.,  and  C.  Montell.  Vie  quotl diene  et  horalres  de  travail.  Enquete 
psychophyslologlque  sur  1e  travail  en  equipes  success! ves.  Instltut  oes 
Sciences  Soclaies  duFTravall,  Centre  de  hecherches.  Paris:  Universite  de 
Paris,  1965. 

1170. 

May,  R.  R.  Mood  shifts  and  the  menstrual  cycle.  J.  Psychosom.  Res.  20: 
125-130,  1976.  

This  study  used  the  reports  of  30  healthy  young  women  to  examine 
the  relation  between  mood  changes  and  the  menstrual  cycle.  One  of  the 
more  Important  findings,  from  the  standpoint  of  the  research  methods 
used  In  this  area.  Is  that  there  was  no  correspondence  between 
one-time  retrospective  reports  of  menstrual  mood  variations  and  the 
actual  reports  of  mood  at  different  points  In  the  menstrual  cycle. 

Mood  changes  were  not  significantly  related  to  physical  symptoms  or  to 
the  degree  of  physiological  distress  experience  during  the  menstrual 
cycle.  Dividing  the  cycle  Into  3 phases,  501  of  this  group  had  their 
lowest,  their  most  depressed,  mood  at  the  premenstrual  phase  while  40% 
felt  worst  at  the  menstrual  phase  (the  remaining  10%  have  a low  at 
midcycle).  Interview  and  psychological  test  information  suggested 
that  these  2 major  groups  may  differ  In  some  Important  attitudes  and 
feelings. 
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1171. 

M«yer*  W.,  and  I.  Scherer.  Phase  shifting  effect  of  caffeine  In  the  circadian 

rhythm  of  Phaseolus  cocci neus  L,  Haturforschung  3X;  855-856,  1975. 

1172. 

McCabe,  C.  Carter,  Jet  lag.  San  Francisco  Chronicle,  22  March  1979. 

1173. 

McCally,  M.  The  use  of  period  analysis  to  evaluate  human  physiological  and 

psychofflotor  performance.  Report  No.  AD-730  539,  1967,  9 pp. 

Data  have  been  presented  as  a demonstration  of  a new  tool  and  a 
new  point  of  view  for  the  environmental  physiologist;  and  to  suggest 
new  directions  for  research.  The  Information  needed  to  answer 
physiological  questions  Includes:  (1)  detailed  mapping  of  the  spectrum 
of  a variety  of  physiological  and  performance  variables  over  a wide 
band,  perhaps  from  one  second  to  one  month,  at  rest  and  during  various 
levels  of  environmental  stress;  (2)  the  development  of  meaningful 
statistical  procedures  for  defining  confidence  limits  for  changes  In 
period,  amplitude,  and  phase  of  the  observed  oscillations;  and  finally 
(3)  the  definition  of  the  specific  physiologic  control  systems  of 
which  the  observed  oscillations  are  an  expression. 

1174. 

McCally,  M.,  and  P.  Rieger.  The  REM  sleep  rhythm  - Its  relationship  to  sleep 

onset  (abstract).  Fed.  Proc.  33:  369,  19/4. 


There  are  two  hypothesis  concerning  the  REM  rhythm:  (1)  the  near 

sleep  and  Is  triggered  by  sleep  onset  (SO).  (2)  there  Is  a 

continuous,  day-long  near  90  minute  rhythm  not  peculiar  to  sleep  which 
may  be  correlated  with  time  of  day.  We  examined  the  relationship 
between  SO  and  RO  while  systematically  varying  the  Independent 
variable  SO.  Sleep  EEC,  EMC  and  actogram  were  recorded  by 
conventional  techniques  from  8 young  adults. 

Three  control  nights  witn  recording  were  followed  by  three  nights 
In  time  of  going  to  bed  was  delayed  by  30  minutes.  As  a result,  SP 
was  shifted  30  minutes  and  a clear,  approximately  30  minute  delay  In 
RO  was  seen.  In  a similar  protocol,  after  three  control  nights  SO  was 
delayed  20  minutes  each  night  for  4 nights  and  then  advanced  20 
minutes  for  4 nights.  Again  there  Is  a strong  tenporal  correlation 
between  the  onset  of  sleep  and  the  onset  of  the  first  REM  period. 

This  correlation  Is  not  so  clear  for  the  second,  third,  and  fourth 
periods.  These  results  demos trate  that  when  SO  Is  experimentally 
controlled  and  systematically  shifted,  the  subsequent  RO  Is  highly 
correlated  with  SO.  We  concluded  that  the  two  hypotheses  are  not 
mutually  exclusive  and  are  both.  In  part,  correct. 

1175. 

McCally,  M. , H.  M.  Wegmann,  R.  Lund,  and  J.  Howard.  Effects  of  simulated  time 
zone  shifts  on  human  circadian  rhythms.  Proc.  Int.  Congr.  Aviat.  Space 
Med.,  21st,  Munich,  1973,  Pp.  260-263. 
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1176. 

McConnell.  J.  V.  Biorhythms:  A report  and  analysis.  J.  Biol*  Psychol. 

13-24,  1978.  

Biorhythm  theory  predicts  that  In  addition  to  the  different 
psychophys1o1o9lca1  rhythms,  all  Individuals  experience  a 23-day 
physical  Qfcle,  a 28-day  emotional  cycle  and  a 33-day  Intellectual 
cycle.  These  cycles  are  presumed  to  be  set  at  birth  and  hence  are 
said  to  be  unchangeable.  It  Is  argued,  however,  that  there  Is  no 
reliable  evidence  that  these  cycles  exist  as  described;  If  they  do 
exist,  thay  are  probably  much  more  flexible  and  capable  of  alteration 
than  current  biorhythm  theory  allows.  The  strongest  objection  that 
can  be  made  to  current  biorhythm  theory  Is  that  it  has  too  often  been 
used  to  blame  an  Individual's  genes  for  his/her  poor  performance  that 
might  be  caused  by  Improper  training,  lack  of  psychological  knowledge, 
and  Inefficient  management. 


1177. 

McFarland,  R.  A.  Understanding  fatigue  In  modern  life.  In:  Methodoloy  In 

Human  Fatigue  Assessment,  edited  by  K.  Hashimoto,  k.  Kogi,  and  E.  Grandjean. 

London:Tayior  A Francis  Ltd.,  sec.  1,  1979,  pp.  1-10. 

Since  fatigue  In  Its  magy  forms  can  result  from  a variety  of 
causes  acting  singly  or  In  combination.  It  Is  difficult  to  give 
clear-cut  rules  or  principles  for  Its  control  or  prevention.  Each 
case  must  be  evaluated  according  to  Its  own  peculiar  characteristics. 

For  the  Individual  suffering  from  chronic  fatigue,  the  most  logical 
first  step  would  be  an  examination  by  a physician  to  determine  whether 
or  not  any  organic  basis  for  the  condition  exists.  Where  It  does  not, 
attention  must  be  directed  towards  finding  the  most  likely  cause,  and 
making  the  necessary  changes  In  one's  life  and  schedule  of  living.  A 
few  recommedatlons  of  general  applicability  would  Include:  adeouate 
sleep:  the  establishment  of  a dally  work-rest  cycle  acceptable  to  the 
Individual;  the  elimination  of  conditions  resulting  In  excessive 
stress,  anxiety,  or  boredom;  the  Institution  of  a definite,  adhered-to 
schedule  of  physical  exercise  or  sports;  the  possible  use  of 
stimulants  or  medications.  For  the  organizational  control  of  fatigue, 
as  In  Industry,  the  coordinated  efforts  of  the  medical  and 
administrative  departments  are  needed.  The  medical  department  should 
be  concerned  with  the  maintenance  of  fitness  through  adeouate  physical 
and  mental  hyglone  programmes,  and.  In  Industries  where  It  Is 
appropriate,  rdth  the  selection  of  emotionally  stable  and  fatigue- 
resistant  personnel.  Finally,  those  In  charge  of  administration  can 
contribute  most  by  seeing  that  work  schedules,  working  conditions,  and 
personnel  relations  are  all  maintained  at  levels  consistent  with  the 
Interests  and  well  being  of  the  employee,  as  well  as  of  the  compagy. 

1178. 

McFarland.R.  A.  Influence  of  changing  time  zones  on  air  crews  and  passengers. 

Aerosp.  Med.  45:  648-658,  1974. 
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The  Introduction  of  jet  aircraft  Into  general  use  has  resulted 
In  a technological  revolution  for  both  air  creus  and  passengers. 
Although  safe  and  comfortable.  the;y  have  Introduced  a physiological 
stress  for  passengers  flying  east  or  west,  known  as  the  problem  of 
"circadian  rhythm",  which  Is  essentially  Induced  by  the  rapid  tine 
changes  over  four  or  more  time  zones.  Certain  Intrinsic  physiological 
mechanisms,  cyclic  In  nature,  and  regulated  by  stimuli  from  the 
dey-night  cycle  of  the  environment,  appear  to  be  disturbed.  In  the 
first  part  of  the  paper  brief  analysis  Is  presented  of  the  basic 
physiological  rhythms  of  the  body  In  both  man  and  animals.  The 
findings  are  then  related  to  air  crews  and  passengers.  The 
specialized  studies  simulating  air  transport  schedules  are  then 
discussed  from  the  point  of  view  of  suggested  solutions.  An  example 
Is  "Project  Pegasus",  carried  out  by  Christie  and  associates,  on  the 
effects  of  air  travel  across  nine  time  zones.  Emphasis  Is  then  placed 
on  various  factors  which  may  Influence  or  accentuate  the  effects  of 
rapid  flights  across  time  zones.  The  application  of  In-flight  studies 
are  reviewed  and  recommendations  are  made  for  air  crews  and 
passengers.  An  additional  extensive  bibliography  has  been  completed 
by  the  author,  and  1$  available  on  reouest. 


1179. 

McFarland.  R.  A.  Air  travel  across  time  zones.  Scl.  63:  23-30.  197S. 

The  primary  objective  of  this  paper  Is  to  highlight  some  of  the 
more  than  200  recent  studies  that  throw  light  on  the  problems 
encountered  by  the  modern  jet  air  traveler.  Studies  carried  out  In 
the  1930s  and  40s  by  the  author  In  the  early,  long-range  flights  at 
slower  speeds  provide  some  background  data  on  the  physiologic 
reactions  to  air  travel  then  and  now.  Some  of  the  most  Important 
Information  comes  from  an  analysis  of  the  following  ouestlons:  (1) 

What  Is  known  about  the  physiology  of  the  circadian  rhythms?  (2)  How 
much  of  the  effect  on  the  rhythm  Is  determined  by  the  external 
environment,  and  how  much  Internally  by  the  organic  or  body  processes? 

(3)  To  what  extent  can  the  24-hour  physiological  cycle  be  altered  and 
In  what  ways?  (4)  What  factors  - such  as  alcohol,  carbon  monoxide, 
diet,  and  drugs  - accentuate  the  fatiguing  effects?  and  (5) 
Practically,  how  can  the  modern  air  traveler  make  better  adjustments 
to  the  geographical  and  physiological  disruptions? 

1180. 

McGovern.  J..  M.  Smolensky,  and  A.  Relnbero.  Chronoblology  In  Allergy  and 
Immunology.  Springfield.  ILL.:  Charles  C.  Thomas.  l977, 

1181. 

McGuire,  R.  A.  W.  M.  Rand,  and  R.  J.  Wurtmand.  Entrainment  of  the  body 
temperature  rhythm  In  rats:  effect  of  color  and  Intensity  of  environmental 
light.  Science  181:  956-957,  1973. 
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1182. 

McKenzie,  R.  E.  Assessment  correlates  of  MoHcload  and  perfbmance.  In: 

Survey  of  Methods  to  Assess  Workload,  edited  by  B.  0.  Hertman,  and  R.  E. 
McKenzie.  Neullly-sur  Selnel  NaY6,  Advisory  Group  for  Aerospace  Research  and 
Development,  AGAm-AG-246,  1979,  pp.  145-161. 

1183. 

McKenzie,  R.  E.  Concepts  of  stress.  In:  Survey  of  Methods  to 
Workload,  edited  by  B.  0.  Hartman  and  R.  E.  McKenzie.  Neuilly-sur-Seine: 

NATO,  Advisory  Group  for  Aerospace  Research  and  Development,  AGARD-AG-246, 
1979,  pp.  7-9. 

1184. 

McKenzie,  R.  E.,  and  B.  0.  Hartman.  Some  Insights  relative  to  the  man-machine 
system:  an  overview  of  the  ten  years  of  research.  In:  Survey  of  Methods  to 
Assess  Workload,  edited  by  8.  0.  Hartman  and  R.  E.  McKenzTel 
Neullly-sur-Sefne:  NATO,  Advl sory  Group  for  Aerospace  Research  and 
Development,  AGARD-AG-246,  1979,  pp.  17-18. 

1185. 

McKIssIck,  T.  L.  A Stu^  of  the  Effects  of  the  Bloj^ythm  Cycles  Upon  Physical 
and  Mental  Performance  (abstract).  Ph.D.  Thesis^  Cast  Texas  Stale 
TIriTversity. 

Measurements  of  endurance  (mile  run),  agility  (4  step  hop  time), 
power  (vertical  jump),  emotional  state  (IPAT  self-analysis  form)  and 
intellectual  performance  (Otis  Oulck-Scoring  Mental  Ability  Test)  were 
administered  dally  at  the  same  time  for  9 phases  of  the  3 biorhythm 
cycles  In  38  female  students.  Analysis  by  t-test  and  analysis  of 
variance  revealed  no  significant  changes  In  any  of  thexe  scores  with 
respect  to  plus,  critical  or  minus  phases  of  the  3 biorhythm  cycles. 

It  would  have  been  Intersting  If  the  author  had  utilized  multiple 
regression  or  periodicity  analysis  to  determine  If  apy  low-frequency 
biological  rhythms  were  present  In  this  data. 

1186. 

McNee,  R.  C. , R.  A.  Albanese,  W.  6.  Jackson,  W.  F.  Storm,  and  B.  0.  Hartman. 
The  correlational  structure  of  traditional  task  measures  and  engineering 
analogues  of  performance  In  the  cognitive  domain.  In:  Higher  Mental 
Functioning  In  Operational  Environments,  edited  by  8.  0.  Hartman. 

Weull ly-sur-Selne:  NATO,  Advi sory  Group  for  Aerospace  Research  and 
Development,  AGARO-CP-181,  1976^  pp.  C2-1  - C2-6. 

Standard  performance  measures  from  a traditional  battery  of  tasks 
(the  Neptune  battery)  were  compared  with  simulated  antiaircraft 
gunnery  activities  under  several  configurations.  These  measures  were 
found  to  correlate  only  to  a moderate  degree,  with  the  highest 
canonical  correlation  between  the  two  sets  being  .72.  Preliminary 
modeling  of  the  subject  reactions  on  the  simulation,  a compensatory 
tracking  task,  has  been  accomplished  using  control  theory  methods.  A 
tentative  conclusion  from  this  work  Is  that  the  transfer  functions 
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associated  with  randon  Inputs  are  reasonable  to  use  for  this 
compensatory  tracking  task,  which  Involves  both  deterministic  and 
random  Inputs* 

1187. 

McNew,  J*  J.,  R.  C.  Burson,  T.  Hoshitaki,  and  M.  R.  Adey*  Sleep-wake  cycle  of 
an  unrestrained  Isolated  chimpanzee  under  entrained  and  free-running 
conditions.  Aerosp.  Hed.  43:  lSS-161,  1972. 

1188. 

McPhall,  H.  Tlw  Relationship  of  Biorhythm  Cycles  to  Performance  on  Selected 
Skin  Tests  (abstract),  pn.  0.  Thesis,  University  or  southern  nlsslssippi. 
PTsT'XSnr.  37:  5682A-5683A,  1977. 

Determination  of  performance  In  the  shuttle  run,  standing  long 
jump  and  basketball  free  throw  was  made  on  100  male  students  during  a 
five  month  period,  once  when  biorhythm  cycles  were  In  a high  phase  and 
once  when  biorhythm  cycles  were  In  a low  phase.  Data  were  analyzed  by 
correlated  t statistical  test.  There  were  no  significant  differences 
In  performance  between  biorhythm  cycle  high  or  low  phases.  THe  use  of 
only  two  samples/varlable/subject  Is  questionable  In  this  study. 

Selection  of  only  high  and  low  biorhythm  phases  biases  the  sample 
population  In  favor  of  the  biorhythm  theory-performance  relationship 
but  since  no  relationship  was  found,  the  use  of  the  biased  sample 
population  tends  to  give  added  weight  to  the  authors'  findings. 


1189. 

Hedd,  A.,  E.  Taggart,  J.  Kulack,  C.  Rountree,  P.  Ridgeout,  N.  Hubbard,  0. 
Pawlus,  0.  Rubenstein,  J.  Price,  R.  Lutz,  6.  Glavin,  and  R.  Obllvle.  Sleep 
deprivation  and  circadian  mood  and  performance  measures.  Sleep  Res.  7:  273. 
1978.  ^ 


Subjective  health  scores  were  obtained  from  104  workers  who 
were  re-examined  six  months  later,  at  which  time  a decrease  In  their 
health  scores  was  evident.  Four  years  and  four  months  after  they 
started  working  In  the  new  plant,  95  workers  out  of  the  original  104 
were  studied  a third  time.  Subjective  health  had  further  decreased  In 
the  64  subjects  idio  were  still  working  In  the  plant,  but  In  the  31 
subjects  who  had  left  It  had  stabilized  approximately  at  the  level 
recorded  after  six  months. 

1190. 

Meers,  A.  Performance  on  different  turns  of  duty  within  a three-shift  system 

and  Its  relation  to  bo4y  temperature-two  field  studies  (abstract). 

Int.  J.  Chronoblol.  3 : 10,  1975. 

1191. 

Meers,  A.,  A.  Naasen,  and  P.  Verhaegen.  Subjective  Health  after  four  years  of 

shift  work.  Ergonomics  21:  857-859,  1978. 
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1192. 

Heller sup.  E.  T.  Lithium  effect  on  temperature  rhythm  In  psychiatric  pa- 
tients. Acta  Pharmacol.  Toxicol.  42:  125-129.  1978. 


The  diurnal  rhythm  of  oral  temperature  was  studied  In  55  lithium 
treated  patients.  51  other  psychiatric  patients,  and  58  healthy 
subjects.  The  lithium  treated  patients  had  a higher  temperature  than 
the  normal  controls  during  the  2%hour  period  and  their  temperature 
maximum  was  shifted  towards  an  earlier  time.  When  the  lithium  Intake 
was  postponed  for  12  hours,  temperature  temporarily  decreased  to 
control  values,  but  returned  to  the  higher  level  after  the  lithium 
dose.  The  temperature  results  are  discussed  In  relation  to  lithium 
Induced  changes  In  electrolyte  metabolism. 


1193. 

Melton.  C.  E..  and  J.  M.  McKenzie.  Physiological  Responses  In  Air  Traffic 
Control  Personnel  at  O'Hare  Tower.  TRC  Report  No.  P-177082.  1971.  15  pp. 

Physiological  and  biochemical  measurements  were  made  on  twenty-two 
air  traffic  controllers  at  O'Hare  tower  during  five  days  of  the  heavy 
traffic  evenlno  shift  (1600-2400)  and  five  days  of  the  light  traffic 
morning  shift  (0000-0800).  Pulse  rates  were  higher  on  the  evening 
shift  than  on  the  morning  shift.  Converging  approaching  traffic  was 
more  excitatory  than  departing  diverging  traffic  on  the  evening  shift 
there  was  no  differential  response  on  the  morning  shift.  Galvanic 
skin  response  Indicated  that  adaptation  to  the  morning  shift  was 
Incomplete  In  five  days.  Fibrinogen  levels  In  controllers'  blood  was 
not  elevated  above  the  expected  level  for  their  age  group. 

Controllers  had  a higher  total  plasma  phospholipid  concentration  than 
populations  of  n'>rmal  people,  schizophrenics  and  combat  pilots. 
Phosphatidyl  glycerol  was  significantly  higher  In  controllers'  plasma 
than  In  the  normal  population,  but  less  than  In  the  combat  and 
schizophrenic  populations.  Finding  from  urine  analyses  that  are 
reported  separately  by  Hale  et  al..  have  been  summarized  In  this 
report. 

1194. 

Melton.  C.  E..  J.  M.  McKenzie.  J.  T.  Saldivar,  and  M.  Hoffmann.  Studies  of 
stress  In  aviation  personnel:  analysis  and  presentation  of  data  derived  from 

a battery  of  measurements.  In:  The  Role  of  the  Clinical  Laboratory  In 
Aerospace  Medicine,  edited  by  R.  G.  troxler.  “Neuilly-sur-Seine:  WTGT 
Advisory  Group  for  Aerospace  Research  and  Development.  AGARO-CP-180.  1976.  pp. 
A9-1  - A9-6. 

Total  stress  In  working  people  can  be  understood  only  through  a 
battery  of  measurements  that  give  Insights  Into  the  function  of 
several  systems.  When  personnel  are  piloting  aircraft  or  controlling 
air  traffic,  the  measurements  must  be  made  on  easily  obtainable  fluid, 
usually  urine,  so  that  the  task  Is  not  compromised.  Adrenal  steroids 
are  primarily  reflective  of  chronic  stress,  whereas  the  catecholamines 
are  related  to  acute  stressors.  Narrative  descriptions  of  changes  In 
excretion  of  stress  Indicators  are  difficult  to  follow.  Because  of 
complexity  of  data  from  batteries  of  measurements,  the  usefulness  of 
stress  studies  Is  largely  denied  to  managers. 
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1195. 

M«1ton»  C.  E.,  J.  N.  NcK«n2ltt»  R.  C.  Snith,  B.  0.  Polls,  E.  A.  Higgins,  S.  M. 
Hoffmann,  2.  E.  Funkhoustr,  J.  T.  Saldivar.  Physiological.  Blochyalcal . and 
Psychol oolcal  Responses  In  Air  Traffic  Control  PyrsoniWi:  Comparison  of  the 
5-day  and  z-z-i  shift  relation  patterns,  tivl 1 Aeromedlcal  Institute . 

Federal  Aviation  Administration,  Oklahoma  City,  Okla.  Deceisber,  1973*  17  pp. 
Report  IFAA-AM-73-22. 

1196. 

Melton,  C.  E.,  J.  T.  Saldivar,  and  S.  N.  Hoffmann.  Sleep  patterns  In  air 
traffic  control  personnel  on  different  shift  rotation  patterns.  Aerospace 
Med.  Assoc*.  Preprints,  1977,  pp.  179-180. 

1197. 

Melton,  C.  E.,  and  R.  Smith.  Stress  In  Air  Traffic  Controllers:  Comparison 
of  Two  Air  Route  Traffic  Control  Centers  on  Different  Shift  Rotation 
Patterns  (Final  Report).  TRC  Report  No.  T76-3194,  1975,  12  pp* 

Stress  In  23  air  traffic  controllers  (ATCS)  at  Atlanta  (ATL)  on 
the  straight  5-day  shift  rotation  schedule  was  compared  with  stess  In 
23  ATCS  on  the  2-2-1  shift  rotation  schedule  at  Frot  Worth  (FTW). 

Stress  estimates  were  made  from  urinary  levels  of  17-ketogen1c 
steroids  (st),  epinephrine  ^e)  and  noreplnephrlne(ne).  There  were  no 
statistically  significant  between-group  differences  In  e excretion-. 

Levels  of  St  and  ne  were  significantly  higher  for  ATL  ATCS  under  all 
conditions.  Mean  scores  for  neither  anxiety  trait  (A-tralt)  nor 
anxiety  state  (A-state)  were  significantly  different  at  FTW  and  ATL 
and  the  scores  of  controllers  at  both  facilities  were  low  compared  to 
those  of  other  normative  groups. 

1198. 

Menbach,  H.  Use  of  mer'icatlon  and  drugs,  especially  alcohol,  by  flying 
personnel.  In:  AGARO  Conf.  Proc.,  ACARD-CP-108,  Bonn,  1972,  p.  A21-1  - 
A21-5. 

Alcohol  Is  the  most  common  and  most  dangerous  drug  used  by  our 
pilots.  The  use  of  other  medication  or  drugs  Is  practically 
negligible.  Three  simple  methods  are  described  by  which  the  blood 
alcohol  can  be  determined. 

1199. 

Mendel  son,  W.,  R.  0.  Guthrie,  R.  Guynn,  R.  L.  Harris,  and  R.  J.  Hyatt.  Rapid 
eye  movement  (REM)  sleep  deprivation,  stress  and  Intermediary  metabolism.  «J. 
Neurochem.  22:  1157-1159,  1974. 

1200. 

Menzel,  H.  Gesundheltllche  Fragen  der  Tages-  und  Nachtarbelt.  J. 

.*ed1z1n1she  Wochenschrlft  19:  242-245,  1965. 
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1201. 

Mertens.  J.  01*  Vgrtndrunq  TaqttPtrlodItchT  SchwankunQ»n  dtr 
Kon>trtfwip«r<I5r  nich  traitwbrij^tiwr  ^lugtn  (CMfHift  in  wTcTrcadlan  rliythw 
0^  the  bo^  t«Rp«riturt  «fttr  tr«ntiiitrldiiin  flights).  Bonn-Bid  Godetbtrg; 
Oiutichi  Forschungt-  und  Vtrtuchtinstilt  fur  Luft-  und  Raunfilirt.  Instltut 
for  Flugpudlztn,  OLR-FB  73-01,  64  pp.  (transi*  In  Engl,  tgr  European  Space 
Research  Organisation.  ERSO  TT-16,  1974.) 

The  oral  bo4y  tenperature  of  12  pilots  was  measured  at  2-hour 
Intervals  over  24-hour  periods.  In  two  test  periods  prior  to  the 
Transmeridian  flights  the  normal  bo4y  temperature  rhythm  was 
established.  The  effects  of  a time  displacement  of  eight  hours  were 
Investigated  by  determining  the  bo4y  temperature  after  flights  between 
Germany  and  the  U.  $.  A*,  the  measurements  taking  place  In  each  case 
on  the  first,  third,  fifth  and  eighth  day  after  the  flight. 
Desynchronisation  relative  to  the  new  local  time  was  observed  after 
flights  In  both  directions,  but  the  changes  after  the  West-East 
flight  were  more  pronounced  than  after  the  one  In  the  opposite 
direction.  THe  adaptation  time  after  an  East-West  flight  was  five 
days,  and  after  a West-East  flight  at  least  eight  days.  Large 
Individual  differences  both  In  the  degree  of  the  changes  and  the 
duration  of  adaptation  were  noted. 

1202. 

Metz.  B.  Principes  physlologiques  d' organisation  du  travail  en  zone 
saharlenne.  (ler  congres  de  physlologle  saharlenne.)  Wed,  de  Dakar.  1960. 

1203. 

Michel -Briand.  C..  J.  L.  Chopard.  A.  Gulot.  M.  Paulmler.  and  6.  Studer.  The 
pathological  consequences  of  shift-work  In  retired  workers  (abstract).  In: 

Int.  Symp.  on  Wight-  and  Shift-  work.  5th  Rouen.  FR..  1980.  p.  VII-6. 

1204. 

Michel -Briand.  C..  and  P.  Olschaseaux.  Enquete  Reallsee  dans  un  Service  de 
Chlrurgle  aupres  du  Personnel  Travalllant  en  Deux  Equipes  Successive!  (Survey 
In  a Surger  Service  among  Staff  Working  In  Two  Successive  Shifts).  Arch.  Mai. 
Prof.  Med.  39:  537-538.  1979. 

1205. 

Migraine.  C..  A.  Reinberg,  and  C.  Migraine.  Persistence  of  circadian  rhythms 
of  wakefulness-sleep  alternation  and  feeding  behavior  In  a 20-year-o1d  man 
during  his  underground  Isolation,  with  and  without  a clock.  C.  R.  Acad,  Scl. 
279:  331-334.  1974. 

1206. 

Mlksl,  R.  and  Kostanecka  K.  Influence  of  wqrkshlft  and  biorhythm  upon  critical 
fusion  frequency.  Acta  Univ.  Palackl.  Olomuc.  Fac.  Med.  68:  169-179.  1974. 

Critical  flicker  fusion  frequency  (CFF)  decreases  at  an  Increasing 
brijpitness  of  the  flickering  target  background.  The  relation  between 
the  brightness  of  a flicker  ig  target  background  and  the  CFF  level  Is 
logarlthmical.  CFF  dKreascs  from  the  beginning  to  the  end  of  the 
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shift.  The  highest  CFF  decrease  is  to  be  seen  at  the  nightshift.  A 
circadian  CFF  course  shows  a characteristic  effect  of  biorhythm.  The 
regressive  declination  of  decreasing  CFF  values  with  an  Increasing 
background  Intensity  shows  the  highest  drop  at  night  hours  and  the 
lowest  during  the  morning.  19  rescuers  aged  24-74  were  put  to  a test 
of  CFF  at  an  Interval  of  1 hr  during  24  hr  at  3 shifts.  CFF  was 
measured  at  5 degrees  of  Increasing  Intensity  of  flickering  target 
background.  CFF  fluctuated  significantly  during  the  course  of 
separate  shifts  In  such  a way.  that  the  highest  measurement  of  CFF  was 
at  the  beginning  of  the  new  shift  ( the  first  shift  from  6 p.  m.  ) and 
the  lowest  one  always  at  the  end  of  the  shift.  The  CFF  measurement 
was  lowest  during  the  night..  By  the  Interpolation  of  CFF  values 
leaving  out  the  last  shift  hour  of  the  preceding  shift  and  the  first 
hour  of  the  following  shift  a circadian  curve  was  shown  on  which  the 
effect  of  the  olorhythm  was  discovered.  The  regressive  declination  at 
the  course  of  CFF  values  with  an  Increasing  Intensity  of  flickering 
target  background  lighting  showed  the  largest  slope  during  the  night 
measurement  and  the  lowest  during  the  morning. 

1207. 

Miles,  L. , R.  Cutler,  K.  Drake,  B.  Rule,  and  W.  Dement.  Use  of  a temperature 
monitor  to  Investigate  chronoblological  c|ysf unction  In  patients  presenting  to 
a sleep  disorder  clinc  (abstract).  Sleep  Res.  7;  293,  1978. 

1208. 

Miles,  L.  E.  M.,  D.  M.  Raynal,  M.  R.  Wilson.  Blind  man  living  In  normal 
society  has  circadian  rhythms  of  24.9  hours.  Science  198:  421-423,  1977. 

The  patient  was  Investigated  under  three  conditions:  1)  Over  32 
days  In  his  home  environment,  his  bedtime  actigraph  displayed  a 
fragmented  pattern  with  both  24.0-hr  and  24.9-hr  components  (that  Is, 
there  was  a slow  free-running  component);  2)  allowed  to  sleep  ad  lib. 

In  a hospital  for  26  days,  he  displayed  only  a free-runing  24.^hr 
sleep-wake  pattern,  and  his  symtoms  of  Insomnia  and  EDS  remitted;  3) 
during  a 10-day  attempt  to  entrain  strictly  the  patient's  free-running 
rhythms  with  a strict  2300-0700  sleep  regimen,  the  patient  displayed 
Insomnia  and  a pattern  of  EDS  consistent  with  a residual  free-running 
component.  Measures  of  cortisol  In  plasma  and  K,  Na,  Cl,  Ca,  and  P04 
In  urine,  as  well  as  free-running  rhythm  whether  the  sleep  pattern  was 
strictly  entrained  to  24  hr  or  allowed  to  free-run  by  the  ad  lib,  sleep 
schedule.  Growth  homone  was  said  to  be  entrained  by  the  sTeep 
patterns  to  24.9  In  the  ad  lib. and  to  24.0  In  the  entrained  condition. 
Metabolic  and  hormonal  data  were  not  reported  In  detail. 

The  authors  state  that  they  have  found  sleep-wake  disorders  In  338 
of  50  blind  subjects  surveyed,  Including  20  with  episodic  or  cyclic 
complaints,  therefore,  they  believe  the  free-running  circadian 
rhythms  may  be  common  source  of  sleep  pathology  In  the  blind,  and 
perhaps  In  other  people  as  well.  They  belUve  their  data  are 
consistent  with  entrainment  of  the  24.9  hr  rhythm  to  the  lunar  day.  In 
wtilch  case  It  would  not  actually  be  free-running. 
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1209. 

Miller,  C.  0.  Human  factors  in  accident  investigation.  Forum  - Int.  Soc.  Air 
Safety  Investigators  13:  16-25,  1980. 

1210. 

Mills,  J*  N.  Human  circadian  rhythns.  Physiol.  Rev.  46:  128-171,  1966. 

1211. 

Mills,  J.  N.  Air  travel  and  circadian  rhythm.  J.  Roy.  Coll.  Physicians  Lond. 

7:  122-131,  1973.  ~ 

1212. 

Mills,  J.  N.  Biological  Aspects  of  Circadian  Rhythms.  London:  Plenum  Press, 
1973,  319  pp. 

1213. 

Mills,  J.  N.  Transmission  processes  betn^een  clocks  and  manifestations.  In: 
Biological  Aspects  of  Circadian  Rhythms,  edited  by  J.  N.  Mills,  London: 

Pi enum  Press ,1973,  pp^  27-84. 

1214. 

Mills,  J.  N.  Phase  relations  between  components  of  human  circadian  rhythms. 

In;  Chronoblology.  edited  by  L.  E.  Scheving.  F.  Halberg.  and  O.E.  Pauly.  Tokyo 
Igaku'SHofn.  LW.,  1974,  pp.  560-563. 

A series  of  experiments  upon  the  effect  of  simulated  time  zone 
shifts  upon  human  circadian  rhythms  '1,  has  provided  control 
observations  from  which  circadian  maps  may  be  drawn.  Groups  of  three 
to  five  subjects  spent  around  10  days  In  an  Isolation  unit  from  which 
obvious  Zeitgebers  such  as  light  and  external  noise  were  excluded. 

They  spent  two  or  three  control  days  on  a regular  routine  of  sleep, 
meals  and  activity,  timed  by  a clock  which  was  then  advanced  or 
retarded  by  6 or  8 hours  to  simulate  a time  zone  shift.  Among  other 
physiological  variables,  oral  temperature  and  urinary  excretion  rate 
of  electrolytes  were  measured.  Sine  curves  were  fitted  to  each 
successive  nychthemeron.  using  a conventional  least-squares  method  for 
the  temperature  data,  and  the  method  of  Fort  and  Mills  for  the 
urinary  excretion.  Significance  was  assessed  from  the  ratio  of 
variance  due  to  the  fitted  sine  to  residual  variance,  and  161  cycles 
whose  fit  fell  within  95*  confidence  limits  were  analysed;  97  fell 
within  the  99%  confidence  limit. 

1215. 

Mills,  J.  N.,  and  A.  Fort.  Relative  effects  of  sleep  disturbance  and 
persistent  endogenous  rhythm  after  experimental  phase  shift.  In: 

Experimental  Studies  of  Shift  Work,  edited  by  H.  P.  Colquhoun,  S.  Folkard,  P. 
knauth,  and  J,  RutenfTanz.  Opladen:  Wesdeutscher  Verlag,  1975. 

1216. 

Mills,  J.  N.,  and  K.  I.  Hume.  The  circadian  rhythm  of  sleep  stages. 
Chronobiologia  4:  132,  1977. 
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1217. 

Mills,  J.  N.,  Minors,  D.  S.,  and  J.  M.  Waterhouse.  Periods  of  different 
components  of  human  circadian  rhythms  In  free-running  experiments  (abstract). 
Int.  Chronoblol.  1;  344,  1973. 

Fifteen  subjects  have  spent  from  5 to  13  d In  an  Isolation  unit 
without  ar\y  Indication  of  time.  Seven  were  alone,  and  the  others  were 
In  groups  of  4. 

Four  of  the  solitary  subjects  and  one  of  the  groups  of  4 adopted 
activity  cycles  with  a period  of  25  to  27  h,  similar  to  those  reported 
elsewhere.  One  subject  adopted  an  abnormally  long  period  of  around  30 
h.  Two  solitary  subjects  followed  an  unusual  pattern  with  alternately 
long  sleeps  of  12-17  h and  short  sleeps  of  5-8  h,  separated  by  spans 
of  24-29  h awake.  One  group  of  4 also  alternated  long  and  short 
sleeps,  but  supposed  the  short  sleeps  to  be  naps  after  lunch,  although 
the  time  elapsed  between  waking  from  a long  sleep  and  from  a 'nap'  was 
around  24  h and  the  'naps'  were  of  3 to  7 h. 

Temperature  rhythm  was  more  regular,  following  In  all  subjects  a 
rhythm  with  a period  of  24-26  h,  which  In  6 of  the  IS  subjects  urns 
clearly  distinct  from  the  activity  rhythm. 

The  period  of  the  urinary  sodium  chloride  and  potassium  rhythms 
was  usually  similar  to  that  of  temperature,  but  In  2 subjects  It  was 
clearly  distinct;  and  In  one  subject  sodium  and  chloride  excretion 
followed  a similar  period  to  temperature,  while  potassium  followed  a 
shorter  period. 

1218. 

Mills,  J.  N.,  D.  S.  Minors,  and  J.  M.  Waterhouse.  The  circadian  rhythms  of 
human  subjects  without  timepieces  or  Indication  of  the  alternation  of  day  and 
night.  J.  Physiol.  240;  567-594,  1974. 

1219. 

Mills,  J.  N.,  D.  S.  Minors,  and  J.  M.  Waterhouse.  Dissociation  between 
different  components  of  circadian  rhythms  of  human  subjects  deprived  of 
knowledge  of  time.  J.  Physiol.  236:  51P-52P,  1974. 

Fifteen  subjects,  two  groups  of  four  and  seven  singly,  have  spent 
from  5 to  13  days  In  Isolation  In  a unit  from  which  all  Indication  of 
the  alternation  of  day  and  night  was  excluded.  A few  spent  some  days 
In  the  unit  with  a clock  beforehand  or  afterwards.  In  only  one  group 
of  four,  and  three  solitary  subjects,  did  the  habits  of  sleep  and 
activity  follow  an  approximately  regular  circadian  rhythm  with  period 
25-27  hr.  In  all  except  one  of  the  15  subjects  deep  temperature 
followed  a regular  rhythm  with  a period  of  24-26  hr.,  which  was 
usually  distinct  from  the  pattern  of  activity* 

In  most  subjects  the  rhythm  of  urinary  sodium  and  potassium  was 
also  distinct  from  the  pattern  of  activity,  though  sometimes  spectral 
analysis  showed  the  existence  of  two  periods,  one  corresponding  to 
activity  and  the  other  nearer  to  24  hr.  In  two  subjects  the  urinary 
electrolyte  rhythms  were  clearly  distinct  from  both  the  temperature  and 
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activity  rhythns.  In  one  of  these  the  period  of  the  temperature 
rhythm  vms  26  hr»  and  of  the  potassium  excretory  rhythms  24  hr.  while 
activity  was  27  hr.  In  the  other  the  periods  of  the  rhythms  of 
activity,  temperature  and  urinary  electrolytes  all  changed  during  13 
days  of  Isolation  In  such  a way  that  their  phase  relationships  became 
grossly  abnormal.  Vfe  conclude  that  separate  timing  mechanisms  may 
control  the  rhythms  of  tanperature  and  of  electrolyte  excretion;  and 
If  activity  habits  result  from  an  endogenous  rhythm  this  Is  also 
distinct. 

1220. 

Mills.  J.  N..  D.  S.  Minors,  and  J.  M.  Waterhouse.  Circadian  rhythms  and 
Irregular  sleep  schedules.  £.  Physiol.  270:  31P.  1977. 

1221. 

Mills,  J.  N..  0.  S.  Minors,  and  J.  M.  Waterhouse.  The  physiological  rhythms 
of  subjects  living  on  a day  of  abnormal  length.  J.  Physiol.  268:  803-826, 
1977.  

1222. 

Mills.  J.  N. . 0.  S.  Minors,  and  J.  M.  Waterhouse.  Adaptation  to  abrupt  time 
shifts  of  the  osclllator(s)  controlling  human  circadian  rhythms.  J.  Physiol. 
285:  455-470,  1978. 

1223. 

Mills,  J.  N.,  0.  S.  Minors,  and  J.  M.  Waterhouse.  The  effects  of  sleep  upon 
human  circadian  rhythms.  Chronoblologla  5;  14-27,  1978. 

Subjects  who  slept  for  4 h from  0000,  and  for  a second  4 h 
variously  distributed  over  the  day.  have  provided  values  for  rectal 
temperature  and  for  urinary  excretion  of  water,  potassium,  sodium, 
chloride,  phosphate,  creatinine,  calclun  and  urate  In  the  sleeping 
subject  at  all  hours  of  the  24.  These  are  compared  with  similar 
values  in  the  wakeful  subject.  Temperature  was  lower  during  sleep  at 
all  hours  except  1000  and  1200,  and  the  difference  was  maximal  shortly 
before  0000.  At  all  hours  potassium  excretion  was  lower  and  phosphate 
excretion  higher  during  sleep.  Cosinor  analysis  of  the  different 
variables  In  the  sleeping  subject  Is  compared  with  that  In  subjects 
following  nycthemeral  habits,  and  the  Interaction  between  endogenous 
rhythms  and  external  Influences  such  as  sleep  Is  discussed. 

The  phasing  of  the  temperature  and  urinary  rhythms  was  essentially 
normal  by  the  end  of  the  observations.  By  contrast.  In  a subject  who 
slept  at  Irregular  hours  mimicking  the  habits  of  an  air  pilot  a 
free-running  rhythm  unrelated  to  the  habits  of  sleep  emerged.  When  he 
was  finally  living  again  on  normal  time  his  temperature  and  urinary 
acrophases  had  moved  to  the  middle  of  the  night.  Phosphate  excretion 
was  largely  exogenous,  falling  consistently  t^en  subjects  rose  after  8 
h.  but  not  after  4 h of  sleep. 
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Mills,  J.  N.,  D.  S.  Minors,  and  J.  M.  Waterhouse.  Endogenous  rhythms  after 
living  on  21  hr.  days.  J.  Physiol.  281:  22P-23P,  1978. 

1225. 

Mills,  J.  N.,  D.  S.  Minors,  and  J.  M.  Waterhouse.  Exogenous  and  endogenous 
Influences  on  rhythms  after  sudden  time  shift.  Ergonomics  21;  755-762,  1978. 

When  subjects  are  following  their  usual  bychthemeral  habits,  the 
observed  rhythms  result  from  the  Interaction  of  a circadian  'clock* 
with  rhythmic  external  Influences.  These  major  external  Influences 
can  be  removed  by  spending  24  h under  constant  conditions.  The 
endogenous  rhythms  thus  revealed.  In  temperature  and  urinary 
excretion,  have  mostly  an  earlier  phasing  than  nychthemeral  rhythms 
and  adapt  more  slowly  to  time  shift,  usually  by  a phase  delay.  It 
appears  undesirable  for  the  rhythms  of  shift  workers  to  be  entrained 
to  time  shifts,  and  means  of  retaining  the  usual  phasing  are 
discussed. 


1226. 

Mills  J.  N.,  R.  Morgan,  D.  S.  Minors,  and  J.  M.  Waterhouse.  The  free-running 
circadian  rhythms  of  two  schizophrenics.  Chronoblologla  4;  353-360,  1977. 

Two  chronic  schizophrenic  patients  and  a psychiatrist  spent  21 
days  In  an  Isolation  unit.  For  the  first  4 days  they  lived  on  normal 
time  but  thereafter  the  clock  was  removed  and  they  were  free-running. 

The  psychiatrist  followed  the  schedule  set  by  the  schizophrenics,  one 
of  whom  spontaneously  decided  the  times  of  retiring  and  rising  while 
the  other  followed  passsively.  The  psychiatrist  commonly  retired  some 
time  later  but  without  disturbing  the  schizophrenics,  the  mean 
duration  of  whose  days  was  23.7  h,  distinctly  shorter  than  Is  usual  In 
healthy  subjects. 

1227. 

Mills,  N.  H.,  and  A.  N.  Nicholson.  Long-range  air  to  air  refuelling  a study 
of  duty  and  sleep  patterns.  In:  Simulation  and  Study  of  High  Workload 
Operations,  edited  by  A.  N.  Nicholson.  Neuilly-sur-Seine,  NATO,  Advisory 
Group  for  Aerospace  Research  and  Development,  AGARD-CP-146,  1974,  pp.  A14-1  - 
A14-9. 


The  sleep  patterns  of  ground  crew,  pilots  and  tanker  crews 
Involved  In  a long  range  air-to-air  refuelling  mission  have  been 
related  to  their  duty  hours.  During  such  complex  operations  workload 
may  vary  considerably  and  the  demands  placed  on  some  aircrew  may  be 
very  high.  It  Is  suggested  that  the  duty  hours  demanded  of  Individual 
aircrew  should  be  realted  to  their  overall  workload.  In  this  way  It 
may  be  possible  to  maintain  an  acceptable  sleep  pattern  In  all  aircrew 
and  ensure  that  no  Individual  pilot  or  crew  member  Is  subjected  to 
excessive  duty  hours. 
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Milosevic,  S.  A.  Mllosavl  jevic,  and  S.  Savic.  Pslhoflzloloske  Sposobnosti 
Operatora  U Toku  Rada  (Psychopbyslological  abilities  of  operators  during 
work).  Hijj.  Rad.  Toksikol.  27:  191-202,  1976. 

The  psychophyslological  abilities  of  a group  of  operators  working 
at  a control  panel  In  a power  station  were  tested  with  a battery  of 
tests.  The  battery  Included  biochemical  tests  Adrenaline, 
noradrenaline  and  17-OHCS),  physiological  test  (arterial  blood 
pressure)  visual  tests  (accomodation,  convergence,  phorla  and  dark 
adaptation),  psychological  tests  (visual  and  auditory,  reaction 
time)  and  subjective  estimation  of  fatigue.  Workers  from  three 
different  work  shifts,  with  a constant  change  of  the  shift  system 
every  two  days,  were  tested  before  and  after  work  ( at  6 a.  m.  and  at 
2 and  10  p.  m.).  Characteristic  changes  were  found  after  work  In  all 
the  three  shifts,  but  the  changes  were  significant  only  after  work  In 
the  night  shift.  A significant  change  In  dark  adaptation  was  also 
noticed  after  work  In  the  afternoon  shift.  A lack  of  sleep  and  night 
work  Increased  arterial  blood  presure  and  prolonged  the  period  of  dark 

1229. 

Minors,  D.  S.,  J.  N.  Mills,  and  J.  M.  Waterhouse.  The  nature  of  the 
"adaptation"  of  human  circadian  rbythmicity  to  an  altered  time  schedule 
(abstract).  Chronoblologla  4:  133,  1977. 

1230. 

Minors,  D.  S. , and  J.  M.  Waterhouse.  How  do  rhythms  adjust  to  time  shifts? 

PhysloK  265:  23P-24P,  1977. 

1231. 

Minors,  D.  S. , and  J.  M.  Waterhouse.  The  effects  of  times  of  meals  and  sleep 
on  circadian  rhythms.  J.  Physiol.  290:  18P,  1979 

1232. 

Minors,  0.  S. , and  J.  M.  Waterhouse.  Stable  rhythms  on  Irregular  schedules. 
Chronoblologla  6:  133,  1979. 

One  problem  associated  with  Irregular  schedules,  whether  caused  by 
shift  work  or  clrcumgl^al  travel.  Is  the  attendant  Instability  of 
circadian  rhythms.  Using  our  Isolation  Unit  we  have  Investigated  Is 
the  rhytlvns  of  rectal  temperature  and  urinary  constituents  can  be 
stabilized  In  humans  undergoing  Irregular  schedules. 

In  the  first  experimental  design,  after  a control  phase  with 
normal  hours  of  sleep  and  meals,  subjects  took  their  sleep  In  two  4h 
periods.  One,  the  'anchor  sleep',  was  regularly  taken  at  0000-0400 
and  the  other,  the  'variable  sleep',  was  distributed  randomly 
throughout  the  other  20  h.  During  this  experimental  phase,  meals  were 
still  taken  at  times  as  near  as  possible  to  those  during  the  control 
phase. 

Cosine  curves  were  fitted  to  the  data  for  each  variable  and 
consideration  of  both  the  acrophases  and  periods  Indicated  that  there 
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were  no  significant  differences  between  rhythmns  during  the  control 
and  experimental  phases. 

In  2 further  experimental  designs,  during  the  experimental  phase, 
the  'variable  sleep'  was  taken  at  the  sane  times  as  before  but  there 
was  no  'anchor  sleep';  It  was  replaced  by  a 4h  sleep  taken  either  12  h 
before  the  variable  sleep  or  by  one  continuous  with  the  variable 
sleep.  Heals  were  still  taken  at  times  as  constant  as  possible. 

Since  cosinor  analysis  Indicated  that  the  rhythms  now  free-ran 
during  the  experimental  phase.  It  Is  concluded  that  some  factor 
associated  with  the  anchor  sleep  rather  than  the  regular  mealtimes 
stabilized  the  circadian  rhythms* 

1233. 

Minors,  D.  S.,  and  J.  M.  Waterhouse.  Endogenous  rhythms  during  anchor  sleep 
experiments  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work,  5th,  Rouen, 
FR.,  1980,  p.  III-6. 

1234. 

Mitchell,  M.  A.  Circadian  rhythm  and  Its  effects  on  people  working  rotating 
shifts.  Aerospace  Med.  Assoc..  Preprints,  1977,  p.  21. 

1235. 

Nitkova,  N.  Improvement  of  alertness  In  sailors  during  night  watches  by  means 
of  food  and  drinking  regimens,  including  biologically  active  concentrates. 
Bull.  Inst.  Mar  it.  Trop.  Med.  Gdynia  27:  17-24,  1976. 

It  is  stated  thatTy  food  and  drinking  intervention  (Including 
biologically  active  food  and  drinking  concentrates)  we  are  able  to 
help  the  sailor's  body  to  a certain  extent,  to  adapt  itself  to  work 
under  especially  aggravated  occupational  conditions.  THIs  is 
extremely  Important  for  the  peak  moments  of  strain,  esp.,  during  night 
watches.  This  fact  must  not  be  underestimated  in  the  complex  of 
measures  In  fatigue  prophylaxis.  In  the  improvement  of  alertness  to 
maximal  working  capacity  with  a view  to  ensure  safe  ship  voyages* 

1236. 

Hitler,  M.  M.,  R.  Lund,  P.  G.  Sokolove,  A.  S.  Pittendrigh  and  W.  C.  Dement. 
Sleep  and  activity  rhythms  in  mice;  a description  of  circadian  patterns  and 
unexpected  disruptions  In  sleep.  Brain  Res.  131:  129-145,  1977. 

Studies  on  dally  and  circadian  rhythms  In  wheel  running  and 
electrographically  defined  wakefulness,  NREM  sleep,  and  REM  sleep  In 
li*  iwsculus  were  done  to  gather  data  on  the  temporal  distribution  of 
activity  and  sleep.  Generally,  peaks  In  NREM  and  sleep  tended  to 
coincide  and  to  alternate  with  the  coincident  peaks  of  wakefulness  and 
wheel  running.  However,  during  the  active  phase  of  the  circadian 
wheel  running  cycle  some  NREM  and  REM  sleep  did  occur;  conversely, 
during  Its  rest  phase,  wakefulness  was  often  present.  The  most 
striking  finding  was  that  In  mice  with  clearly  entrained  or 
free-running  activity  onsets,  the  circadian  peak-through  patterns  In 
wakefulness,  NREM,  and  REM  sleep  were  not  always  distinct  - they  could 
be  damped  and  /or  polyphasic.  Several  explanations  of  these  phenomena 
are  considered. 
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Mi  tier,  M.  M.,  P.  G.  Sokolove,  R.  Lund,  C.  S.  Pittendrlgh,  and  W*  C.  Oenent. 
Act1vity<1nact1v1ty  and  wakefulness-sleep  In  mice:  Induced  changes  In  cyclic 
relationships  by  prolonged  exposure  to  constant  conditions  (abstract)*  Sleep 
Res.  4:  267,  1975, 

1238. 

Miyasita,  A.  The  effects  of  sleep  time  shortening  on  long  sleeper  sleep* 
Psychlatr*  Heurol * Jpn.  78:  435-450,  1976. 

1239. 

Mohler,  S.  R.  Circadian  Rhythm  Medical  Facts  for  Pilots*  Proceedings  of  the 
16th  Annual  Corporate  Aircraft  Safety  Seminar,  Washington,  0.  C*,  Apr*  19-20, 
1971,  pp*  55-57. 

Aviation  activities  require  a high  state  of  alertness  for  safe 
aircrew  performance.  Alertness  varies  with  respect  to  the  sleep-wake 
cycle.  Medical  evidence  shows  that  the  probability  of  making  mistakes 
significantly  Increases  during  those  times  when  the  Individual  Is 
accustomed  to  sleeping  but  for  various  reasons  elected  to  undertake 
certain  duties.  In  order  that  the  Individual  may  adjust  to  the  time 
of  destination,  the  International  Civil  Aviation  Organization  has 
perfected  a formula  which  for  transmerldlonal  flights  takes  into 
consideration  the  number  of  time  zones  traversed.  It  Is  recommended 
that  aviation  personnel  and  passengers  should  plan  to  avoid 
undertaking  challenging  duties  for  at  least  24  hours  following  lengthy 
east-west  trips* 

1240. 

Mohler,  S.  R.  Physiological  Index  as  an  aid  In  developing  air. ‘ne  pilot 
scheduling  patterns*  Aviat*  Space  Environ,  Med.  47:  238-247,  1976* 

1241. 

Mohler,  S.  R.  Mental  function  In  safe  pilot  performance.  Part  I;  Jan-Feb, 
1979;  Part  II:  Mar-Apr,  1979*  Arlington,  Va.:  Flight  Safety  Found.  Inc., 
1979,  6 pp. 

1242. 

Mohler,  S.  R. , and  C.  F.  Booze.  U.  S.  fatal  general  aviation  accidents  due  to 
cardiovascular  Incapacitation:  1974-75.  AvIaL  Space.  Environ*  Med*  49: 
1224-1228,  1978. 

A study  was  undertaken  to  determine  the  relative  Impact  of 
Inflight  cardiovascular  Incapacitation  among  general  aviation  pilots 
with  respect  to  general  aviation  flight  safety.  During  calendar  years 
1974-75,  the  National  Transportation  Safety  Board  reports  reveal  that 
13  U.  S.  general  aviation  pilots  died  of  cardiovascular  Incapacitation 
during  flight.  The  analysis  of  these  accidents  will  bear  on  any 
suggested  changes  In  pilot  medical  screening  procedures  for 
cardiovascular  disease,  as  well  as  on  pilot  safety  education  programs. 

Of  the  13  cases  noted  above,  nine  pilots  were  flying  alone.  Of  the 
remaining  multiple  occupant  cases,  the  nonpilot  wife  of  one  deceased 
victim  managed  to  land  the  aircraft.  Eighteen  deaths  resulted  from 
the  Inflight  Incapacitations.  The  ages  of  the  pilots  ranged  from 
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33-68  years,  with  both  a mean  and  a median  of  52.  Postmortem 
examinations  revealed  extensive  coronary  disease  (atherosclerosis)  In 
12  cases  (no  pilot  autopsy  data  Is  available  In  the  case  where  the 
passenger  landed  the  aircraft).  Of  these  12  cases,  five  demonstrated 
recent  occlusions.  In  four  more,  evidence  of  old  Infarcts  was 
revealed  by  the  postnortem  examination.  It  Is  concluded  that  these  13 
Inflight  cardiovascular  Incapacitations,  occuring  among  a total  of 
1,404  fatal  general  aviation  accidents  In  the  1974-75  period, 
constitute  such  a small  proportion  (0.98S)  of  the  documented  fatal 
general  aviation  accidents  that  extensive  additional  cardiovascular 
screening  procedures  are  not  Justified  at  present  on  cost/yleld  basis. 

1243. 

Mohler,  S.  R.,  and  A.  Clereblej.  Hunan  factors  In  long-distance  flights. 

Ind.  Med.  Surg.  41:  11-17,  1972 

1244. 

Mohler,  S.  R.,  J.  R.  Ollle,  and  H.  L.  Gibbons.  The  time  zone  and  circadian 

rlythms  In  relation  to  aircraft  occupants  taking  long  distance  flights.  Am. 

J . Public  Health  558:  1404-1409,  1968. 

1245. 

Mohr.  B.  Feeling  down?  Night  be  your  biocurve.  San  Francisco  Examiner,  Aug. 

20.  1973. 


This  article  discusses  the  "Bio-curve"  (another  name  for 
biorhythm)  of  Wallerstein  and  Roberts  1973  All  together  on  the 
Bio-curve.  Human  Behavior  2;  8-15,  1973.) 

1246. 

Moiseyeva,  N.  I.  Effect  of  sudden  change  In  temporal  envi ronment  on  some 
human  circadian  rhythms.  Fizlol.  2h.  61:  1798-1804,  1975.  (English 
Translation  In:  Human  Clixadlan  Rlythms.  Washington,  0.  C.:  U.  S.  Joint 
Publications  Research  Service  JPRS  l/5eol,  1976,  9 pp.) 

Changes  In  circadian  rhythm  of  the  Indices  of  the  cardiovascular 
system  and  sleep  were  revealed  In  practically  healthy  Individuals 
taking  transmerldlonal  flights,  particularly  when  crossing  nine  time 
zones.  The  nature  of  the  changes  depends  on  the  direction  of  flight. 

After  an  eastward  flight  the  reactions  arise  Immediately,  sleeping 
time  decreases,  arterial  pressure  drops;  and  daily  fluctuations  In 
Indices  of  the  cardiovascular  system  become  smoothed.  After  a 
westward  flight  the  alterations  begin  on  the  second  day,  sleeping  time 
decreases,  change  In  sleeping  pattern  occurs,  the  range  of  EEG 
frequency  changes  grows,  and  the  pattern  of  fluctuations  In 
cerebrovascular  tone  changes.  Disturbances  In  sleeping  rhythm  caused 
by  flying  In  both  directions  disappear  In  about  a week,  while  changes 
In  cardiovascular  Indices  disappear  In  2 weeks  when  flying  westward 
and  In  over  1 month  when  flying  eastward.  Use  of  soporifics  during 
the  flying  time  accelerates  adaptation  to  the  new  temporal  conditions. 
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Moiseyeva,  N.  I.  The  structure  of  biorhythms  as  one  of  the  criteria  of  the 
organism's  ablllly  for  pl^slologlcal  adaptation  (author's  translation). 

Fizlol.  Ih,  . 64:  1632-1640,  1978. 

In  order  to  establish  the  organism's  ability  for  adaptation,  we 
examined  16  healthy  subjects,  10  of  whom  were  able  to  very  well  adapt 
themselves  to  changes  In  environment,  whereas  6 subjects  could  not  do 
that  well  enough.  In  the  background  examinations  (and  for  the 
well-adapting  subjects  In  examinations  made  after  meridian  crossing  In 
flight),  the  blood  pressure,  heart  rate,  and  caplllaroscopic  picture 
were  recorded  during  3 days  5 times  a day.  Apart  from  that,  the 
biorhythmic  structure  of  the  noatural  nocturnal  sleep  EEC  was 
analysed.  THe  data  obtained  showed  that  the  well-adapting  subjects 
had  these  characteristics  of  the  biorhythms  structure:  relatively 
highter  mean  values  of  the  parameters  under  stu((y,  a major  dispersion 
of  these  values  over  different  hours  of  the  day  and  night,  and  a clear 
temporal  structure  of  the  24-hr  curve  as  expressed  by  occurrence  of 
the  maximal  and  the  minimal  values  of  the  functions  at  the  same  hours. 

1248. 

Moiseyeva,  N.  I.,  M.  M.  Boboslovsky,  M.  Y.  Simonov,  and  N.  V.  Tonkova. 
Characteristics  of  the  circadian  sleep  rhythm  In  relation  to  environmental 
factors  associated  with  the  rotation  of  the  earth  and  to  biological 
macrorhythms  In  man.  Interdlsclp.  Cycle  Res.  7:  15-24,  1976. 

Numerous  recent  studies  suggest  that  the  living  circadian  system 
Is  sustained  both  by  Intrinsic  oscillations  and  hy  time  clues  from  the 
environment,  associated  with  the  rotation  of  the  earth  (Hal berg,  1960; 
Snyder,  1967;  Gazenko  and  Allakrinsky,  1970). 

A wide  frequency  range  of  rhythms  turns  out  to  be  closely  related 
to  the  circadian  rhythms,  from  the  ultradlan  (period  longer  than  30 
min  and  less  than  20  hrs)  to  the  circannual  (period  about  a year) 
rhythms.  The  ultradlan  rhythms  of  metabolic  processes  Involve,  for 
Instance,  oscillations  of  the  trophic  function  as  reflected  both  by 
the  rhythmlclty  of  animal  growth  (Sipatchev,  1970)  and  oscillations  of 
physical  performance  In  sportsmen  (Herring,  1971;  Akrabov,1972). 

During  the  life-long  Interaction  between  the  organism  and  environment, 
the  "superlmposltlon"  of  environmental  rhythms  on  the  set  of  Inner 
rhythms  occurs  continuously. 

The  mechanisms  of  this  Interaction  and  the  response  of  the 
organismic  rhythms  to  changes  In  the  environment  are  the  subject  of 
the  present  work.  The  sleep  rhythm  Is  regarded  as  a "model"  circadian 
system  and  environmental  time  clues  occurring  at  unusual  time 
Intervals  (as  during  transmerldlonal  flight)  Is  regarded  as  the  systems 
Input. 
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Moiseyeva,  N.  I.,  M.  Yu*  Simonov,  and  N.  V.  Tonkova.  Rol'  blologicheskikh 
makrorltmov  v reguluatsll  protsessasna  (Role  of  biological  macrorhythms  In  the 
regulation  of  sleep).  Fizlol.  Cheloveka  1:  482-488,  1975. 
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resulyats;  tslrkadnlckh  ritmov  (Significance  of  sleep  In  the  regulation  of 
circadian  rhythms^  Fizlol.  Cheloveka  4:  995-1002,  1978. 

1251. 

Monesi,  F.,  and  F.  Ravaccla.  A study  of  behaviour  during  a trial  of  vigilance 
In  non-piloting  personnel.  In:  Higher  Mental  Functioning  In  Operational 
Environments,  edited  by  8.  0.  Hartman.  Neuilly-sur-Seine:  ^TO,  Advisory 
^roup  for  Aerospace  Research  and  Development,  AGARO-CP-181,  1976,  pp.  C3-1  - 
C3-6. 


On  the  topic  of  planning  a laboratory  for  the  assessment  of  the 
performance  of  subjects  In  operative  stress  conditions,  conventional 
psychometric  as  well  as  neurophysiological  methods  were  employed  for 
data  collection,  recording  and  processing. 

In  the  present  study,  subjects  highly  experienced  In  air  traffic 
assessment  and  decision-making  tasks  underwent  a performance  trial 
Involving  visual  vigilance  In  a simulated  operative  environment.  Data 
were  collected  by  administering  self-rating  scales  and  recording  both 
reaction  times  and  brain  potentials.  Statistical  analysis  of  data  was 
performed  with  parametric  and  not  parametric  tests. 

All  types  of  approach  proved  to  be  of  value  In  the  assessment  of 
performance,  although  the  greater  utility  of  coaputerlzed 
neurophysiological  evaluation  must  be  emphasized  for  an  advance  In 
methodology. 
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Monk,  T.  H.  A likelihood  ratio  method  for  studying  the  re-entra1nment  of 
circadian  rhythms.  Chronoblologla  4;  325-332,  1977. 

A simple  technique  Is  described  that  enables  the  degree  of 
adaptation  at  different  times  of  day  to  be  studied  In  organisms  that 
have  been  subjected  to  a sudden  change  In  the  Zeitgeber  (as  typically 
found  In  shiftwork  or  after  tranmerldlan  flight).  The  Investigation 
Is  thus  able  to  place  greater  emphasis  on  some  readings  than  on  others 
and  to  measure  the  amount  of  disruption  at  a particular  time  of  day 
(e.g.  for  an  Important  meeting)  rather  than  to  merely  rely  upon  an 
overall  dally  measure.  The  method  uses  the  likelihood  ratio 
statistics  which  also  allows  a powerful  test  to  be  made  of  the 
statistical  significance  of  aqy  apparent  adaptation. 

The  method  Is  Illustrated  on  some  'jet-lag*  data,  where  It  was 
able  to  determine  differential  rates  of  adaptation  according  to  the 
time  of  day  at  which  the  subjects  were  tested. 
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Monk,  T.  H. , and  0.  E.  Embrqy.  A field  study  of  circadian  rhythms  In  actual 
and  Interpolated  task  performance  (abstract).  In:  Int.  Symp.  on  Night-  and 

Shift-work.  5th,  Rouen,  Fr.,  1980,  p.  VI 1 1 -6, 
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Monk,  T.  H.,  and  S.  Folkard,  Adjusting  to  the  changes  to  and  from  dayllghht 
saving  time.  Nature  261;  688-689,  1976. 
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Monk,  T.  H.,  and  S.  Folkard.  concealed  inefficiency  of  late-night  study. 

Nature  273:  296-297,  1978. 
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Monk,  T.  H.,  P.  Knauth,  S.  Folkard,  and  J.  Rutenfranz.  Memory  based 

performance  measures  In  studies  of  shiftwork.  Ergonomics.  21:  819-826,  1978. 

The  phase  of  the  circadian  rhythm  In  performance  efficiency  on  a 
given  task  Is  known  to  be  Influenced  by  the  memory  load  Invioved.  Two 
experiments  were  performed  to  determine  whether  memory  load  also 
Influences  the  rate  at  which  rhythms  adapt  to  the  phase-shifts 
Involved  In  (a)  transmeridian  flight  and  (b)  a long  period  of 
nightwork.  In  the  first  study,  high  and  low  memory  load  versions  of  a 
performance  test  were  given  to  a 25y  old  female  subject  experiencing  a 
5 h eastward  change  In  time-zone.  Differences  were  found  both  In  the 
initial  phase  of  the  two  versions  of  the  test  and  In  the  rate  at  which 
this  phase  adapted  to  the  new  time.  In  the  second  study,  two  young 
male  subjects,  working  21  consecutive  night  shifts,  were  given  high 
and  low  memory  load  versions  of  the  performance  test,  and  a 
calculations  test,  every  4th  around  the  clock.  The  results  were 
similar  to  those  of  the  first  study;  a cosinor  analysis  revealed  that 
despite  periods  of  arrhythmicity  there  were  large  differences  between 
the  rate  of  adaptation  of  the  phases  of  the  performance  rhythms  of 
high  and  low  memory  versions  of  the  test,  and  also  between  the  rhythms 
of  temperature  and  performance.  It  Is  concluded  that  It  Is  wrong  to 
speak  of  a single  'performance  rhythm',  and  that  performance  tests  In 
shiftwork  and  Jet-lag  studies  should  thus  simulate  some  aspect  of  the 
'real'  task  under  consideration* 


1257. 

Moog,  R.,  P.  Hauke,  and  H.  Kittler.  Morning-evening  types  and  shut-work.  A 
questionnaire  study  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work. 

5th,  Rouen  Fr..  1980,  p.  VI I 1-7.  — 

1258. 

Moore,  R.  Y.  The  anatomy  of  central  neural  mechanisms  regulating  endocrine 
rhythms.  In:  Endocrine  Rhythms,  edited  by  O.T.  Krieger,  New  York:  Raven 
Press,  1979,  pp.  63-87. 
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Moore,  R.  Y.,  and  D.  C.  Klein.  Visual  pathways  end  the  central  neural  control 
of  a circadian  rhythm  In  pineal  serotonin  N-acetyl transferase  activity.  Brain 
Res.  71:  17-33,  1974.  
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Moore  Ede,  M.  C.  Circadian  rhythms  of  drug  effectiveness  and  toxicity* 

C!)n.  Pharm.  and  Therapeut.  14:  926-935,  1973. 

1261. 

Moore-Ede,  N.  C.  Control  of  circadian  oscillations  In  renal  potassium 
excretion  In  the  squirrel  monkey  (Salmirl  sclureus)  (abstractl.  Harvard 
University,  1974,  267  pp.  
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Moore-Ede,  M.  C.  Control  iwechanUwt  of  circadian  rhythm  In  body  coaootitlon; 

Implications  for  laanned  spaceiiioni.  *Tlna1  lieport.  Wasblnotwin).  c.:  WSA. 

TPgr^R-1'44413,  1976,' i;ap?. — ^ 

The  nachanlsais  that  underlie  the  circadian  variations  In 
electrolyte  content  In  bo4y  fluid  compartiiients  were  Investigated,  and 
the  mechanisms  that  control  the  oscillations  were  studied  In  order  to 
Investigate  tdiat  effects  Internal  desynchronization  In  such  a system 
would  have  during  manned  space  flight.  The  studies  were  performed 
using  volunteer  human  subjects  and  squirrel  monkeys.  The 
Intercompartmental  distribution  of  potassium  was  examlneJ  when  dietary 
Intake,  activity*  and  posture  are  held  constant  throughout  each 
24-hour  day*  A net  flux  of  potassium  was  observed  out  of  the  body 
cell  mass  durli^  the  day  and  a reverse  flux  fom  the  e .tracellular 
fluid  Into  the  body  cell  mass  during  the  night,  conterbalanced  by 
changes  In  urinary  potassium  excretion.  Experiments  ««1th  monkeys 
provided  evidence  for  the  synchronization  of  renal  potassium  excretion 
by  the  rhytN  of  cortisol  secretion  with  the  light-dark  cycle*  Three 
models  of  the  circadian  timing  system  were  formalized. 


1263. 

Moore  Ede,  M.  C.  Circadian  rhythms  In  drug  effectiveness  and  toxicity  In 
shiftworkers:  Discussion  II.  In:  HEW  Publ.-No.  76-203.  Edited  by  R*  G. 
Rentos,  and  R.  0.  Shephard.  Washington  O.C.:  U*S.  Dept,  of  Health, 
Education,  and  Welfare,  1976,  pp.  140-144. 

1264. 

Noore-Ede,  M.  C.  The  physiological  basis  of  circadian  timekeeping  In 
primates.  The  Physiologist  20:  17-25,  1977, 
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Moore-Ede,  M.  C.  Medical-Toxicological  Group  (Discussion  Summary).  ^Ift 
Work  and  Health.  HEW  - Occupational  Safety  and  Health,  pp.  254-257,  ls76. 
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Moore-Ede,  M.  C.,  N.  F.  Brennan,  and  M.  R.  Ball.  Circadian  variation  of 
Intercompartmental  potassium  fluxes  In  man.  J.  Appl.  Physiol.  38:  163-169, 
1975.  


Circadian  rhythms  of  plasma  potassium  concentration  and  urinary 
potasslun  excretion  persisted  In  three  normal  volunteers  when  diurnal 
variations  In  activity,  posture,  and  dietary  Intake  were  eliminated 
for  3-10  days.  Measurements  of  the  arteriovenous  difference  In 
plasma  potassium  concentration  across  the  resting  forearm  and  of 
erythrocyte  potassium  concentration  suggested  that  there  Is  a net 
flux  of  potassium  from  ACF  to  ECF  In  the  early  morning  and  a reverse 
net  flux  later  In  the  day*  The  total  net  ICF-ECF  were  estimated  from 
the  diurnal  variations  In  extracellular  potassium  content  corrected 
for  dietary  Intake  and  urinary  potassium  loss*  The  net  fluxes  between 
ICF  and  ECF  were  found  to  be  counterbalanced  by  the  circadian  rhythm 
In  urinary  potassium  excretion*  Desynchronization  of  these  rhythms 
would  result  In  marked  fluctuations  In  extracellular  potassium  content. 
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Thetd  findings  suggest  that  some  revision  Is  required  of  the  concept 
of  basal  state  In  potassium  homaostatls. 


1267. 

Moore-Ede,  M.  C.»  and  R.  S.  Burr.  Circadian  rhythm  of  urinary  calcium 
excretion  during  Immobilization.  Aerosp.  Med.  44:  495-496|  1973. 

Ten  healthy  subjects  were  studied  during  2 days  of  normal  activity 
and  2-4  d<^s  of  strict  bedrest.  Urnlnary  calcium  excretion  was  raised 
during  bedrest,  but  the  Increase  was  not  uniformly  distributed  over 
each  24  hr.  Instead  the  Incremental  calcium  excretion  showed  a marked 
circadian  rhythm  with  61t  excreted  oetween  09.00  and  IS.OO  hr.  A 
similar  pattern  of  calcium  excretion  was  seen  In  four  Immobilized 
patients  with  recent-onset  traumatic  paraplegia.  However  two  chronic 
paraplegics  without  hypercalclurla  did  not  have  such  an  excretory 
rhythm.  Circadian  rhythms  of  bone  resorption  appear  to  account  for 
the  observed  rhythm  of  urinary  calcium  excretion. 
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Moore-Cdc»  M,  C.,  and  C.  A.  Fuller.  Evaluation  of  aircraft  accident  reports 
on  United  Airlines  Douglas  DC-8-S4  N8047U  near  Kaysville.  Utah.  December  18, 
1977.  Forum  — Int.  Soc.  Air  Safety  Investigators  13:  13-15,  1980. 
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Moore-Ede.  M.  C..  C.  A.  Fuller,  and  F.  M.  Sulzman.  Transient  and  steady-state 
circadian  Internal  desynchronization  In  the  squirrel  monkey  (Abstract).  Fed. 
Proc.  36:  1330,  1977. 
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Moore-Ede.  M.  C..  and  J.  A.  Herd.  Renal  electrolyte  circadian  rhythms: 
Independence  from  feeding  and  activity  patterns.  Am.  J.  Physiol.  232: 
F128-F135,  1977.  

The  Interrelationships  between  urinary  electrolyte  circadian 
rhytNss  and  rhythms  of  feeding,  drlrdclng  and  activity  were  studied  In 
six  conscious  chalr-accllmatlz^  squirrel  monkeys  (Salmi r1  sclureus) 
kept  In  tempera ture-coi:trol led  Isolation  chambers  on  a light-dark  TiO) 
12:12  h cycle.  With  lights  cn  (600  lx)  from  0800  to  2000  h and  off  (<1 
lx)  from  2000  to  0800  h.  renal  potassium  excretion  In  monkeys  fed  ^ 
libitum  fell  to  a dally  minimum  of  M ♦/-  6 ueo/h  at  0500  h and  rose 
to  a maximum  of  274  V-  23  ueg/h  at  n'KI  h.  Sodium  excretion  fell  to  a 
mlnumum  of  13  ♦/-  2 meq/h  at  ICOO  h anc  rose  to  a maximimi  of  43 
V-  6 ueg/h  at  2100  h.  while  water  excretion  fell  to  a minimum  of  869 
■*■/-  63  ul/h  at  0500  h and  rose  to  a maximum  of  2.307  V-  222  ul/h  at 
1700  h.  Feeding,  drinking,  and  activity  occurred  only  during  the 
lights  on  period.  Independence  of  the  urinary  rhythms  from  diurnal 
variations  In  feeding,  drinking,  and  activity  was  established  a)  by 
depriving  monkeys  7f  food,  b)  by  depriving  monkeys  of  water,  and  c)  by 
training  monkeys  to  perform  a 2-hour1y  schedule  of  feeding,  drinking, 
and  activity  throughout  day  and  night.  None  of  these  three  regimens 
resulted  In  major  reductions  of  the  amplitude,  or  changes  In  the 
excretion.  These  findings  Indicate  that  the  circadian  rhythms  of 
urinary  potasslian,  sodium,  and  water  excretion  are  controlled  by 
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mechanisms  that  are  not  passively  dependent  on  the  behavioral  patterns 
of  feeding,  drinking  and  activity. 


1271. 

Moore-Ede,  M.  C.,  D.  A.  Kass,  C.  A.  Fuller,  and  F.  M.  Sulzman.  Physiological 
significance  of  ultradian  components  in  circadian  rhythms  (Unpublished 
abstract,  personal  communcatlon  with  Or.  Fuller,  U.C.  Riverside,  Riverside, 
CA.). 


1272. 

Moore-Ede,  M.  C.,  D.  A.  Kass,  and  J.  A.  Herd.  Transient  circadian  internal 
desynchronization  after  light-dark  phase  shift  in  monkeys.  Am.  J.  Physiol. 
232:  R31-R37,  1977  ^ 


In  four  conscious  chair-acclimatized  squirrel  monkeys  (Saimiri 
sciureus)  studied  with  light  on  (600  lx)  from  0800  to  2000  h dai ly  (LD 
1Z:1Z),  prominent  24-h  rhythms  in  feeding,  drinking,  activity,  body 
temperature,  and  urinary  potassium,  sodium,  and  water  excretion  were 
seen.  When  the  monkeys  were  subjected  to  36  h of  darkness  followed  by 
36  h of  light  each  variable  demonstrated  a circadian  rhythm  which  was 
not  passively  dependent  on  the  light-dark  cycle.  After  the  24-h 
light-dark  cycle  was  abruptly  phase-delayed  by  8 h,  all  the  rhythms 
resynchronized  with  the  new  light-dark  cycle  phase,  demonstrating  that 
light-dark  cycles  are  an  effective  zeitgeber.  However,  the 
resynchronization  of  the  rhythms  of  feeding,  drinking,  activity,  and 
body  temperature  was  90t  complete  within  aproximately  2 days  while  the 
90*  resynchronization  of  the  urinary  rhythms  took  approximately  5 
days.  These  results  suggest  that  the  circadian  timing  system  in 
sciureus  may  consist  of  several  spontanieously  oscillating  units  which 
can  become  transiently  uncoupled  during  pertubations  of  environmental 
time  cues. 
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Moore-Ede,  W.  S.  Schmel zer,  and  J.  A.  Herd.  Synchronization  of  the  circadian 
rhythm  of  renal  potassium  excretion  by  circadian  oscillations  in  adrenal 
steroid  secretion  (Unpublished  abstract,  personal  communication  with  Dr. 
Fuller,  U.C.  Riverside,  Riverside,  CA.). 
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Moore-Ede,  M.  C.,  W.  S.  Schmelzer,  D.  A.  Kass,  and  J.  A.  Herd.  Internal 
organization  of  the  circadian  timing  system  in  multicellular  animals.  Fed. 
Proc.  35:  2333-2338,  1976.  

Three  models  of  the  organization  of  the  circadian  timing  system  in 
multicellular  animals  are  presented.  Each  can  account  for  the 
observed  iritemal  synchronization  of  the  various  circadian  rhythms 
within  the  organism  and  each  is  also  compatible  with  the  known 
responses  of  circadian  systems  to  manipulations  of  environmental  time 
cues.  One  is  a single  oscillator  system  (Model  I)  while  the  other  two 
are  multioscillator  systems  arranged  in  a hierarchical  (Model  II)  or 
nonhierarchical  iModel  III)  manner.  Experiments  that  test  the 
predictions  of  the  different  models  are  reviewed.  These  indicate  that 
the  circadian  timing  system  in  mammals  is  organized  as  a multi- 
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oscillator  system  with  oscillating  concentrations  of  chemical 
mediators  (nervous  or  encocrine)  Internally  synchronizing  the  various 
potential ly>1ndependent  oscillators  by  an  entrainment  mechanism. 
However^  as  yet  there  Is  Insufficient  evidence  to  Indicate  whether  the 
oscillators  are  arranged  with  a predominantly  hierarchical  (Model  II) 
or  nonhierarchical  (Model  III)  organization. 

1275. 

Moore-Ede,  M.  C.«  W.  S.  Schmelzer»  0.  A.  Kass,  and  J.  A.  Herd. 

Cortisol-mediated  synchronization  of  circadian  rhythm  In  urinary  potassium 

excretion.  J.  Physiol.  233:  R230-R238»  1977. 

Conscious  chair-acclimatized  squirrel  monkeys  (Salmi r1  sclureus) 
studied  with  light  on  (600  lx)  from  0800  to  2000  h dally  (lO  12:12) 
display  a prominent  circadian  rhythm  In  renal  potassium  excretion. 

The  characteristics  of  this  rhythm  were  reproduced  In  adrenal ectomi zed 
monkeys  by  Infusing  5 mg  cortisol  and  0.001  mg  aldosterone,  or  5 mg 
cortisol  alone,  between  0800  and  0900  h dally.  When  the  timing  of 
cortisol  administration  (with  or  without  aldosterone)  was 
phase-delayed  by  8 h,  the  urinary  potassium  rhythm  resynchronized  by 
80*  of  the  cortisol  phase  shift,  but  only  after  a transient  response 
lasting  3-4  days.  With  the  same  dally  dose  of  adrenal  steroids  given 
as  a continuous  Infusion  throughout  each  24  h,  urinary  potassium 
excretion  showed  free-running  oscillations  no  longer  synchronized  to 
the  light-dark  cycle.  These  results  Indicate  that  the  circadian 
rhythm  of  plasma  cortisol  concentration  acts  as  an  Internal  mediator 
In  the  circadian  timing  system,  synchronizing  a potentially  anonomous 
oscillation  In  renal  potassium  excretion  to  environmental  time  cues 
and  to  other  circadian  rhythms  within  the  animal. 

1276. 

Moore-Ede,  M.  C.,  and  F.  M.  Sulzman.  The  physiological  basis  of  circadian 

timekeeping  In  primates.  The  Physiologist  20:  17-25,  1977, 


Extensive  evidence  demonstrates  that  the  circadian  timing  system 
In  primates  Is  a multiple  oscillator  system  which  on  occasion  can 
become  uncoupled.  THIs  system  appears  to  be  basically  hierarchical  In 
nature  with  the  suprachlasmatic  nucleus  of  the  hypothalamus  playing 
a role  as  a pacemaker  in  the  system.  This  predominantly  hierarchical 
organization  Is  confirmed  by  studies  which  demonstrate  that  hormonal 
mediators  appear  to  control  only  those  rhythms  below  them  In  the 
hierarchy.  However,  studies  of  environmental  zeitgebers  In  the 
squirrel  monkey  have  demonstrated  that  the  Input  of  light-dark  cycle 
phase  and  period  Information,  and  food  timing  phase  and  period 
Information,  and  food  timing  phase  and  period  Information  Impinges  on 
different  points  within  the  circadian  timing  system.  Thus  while  the 
system  may  be  predominantly  hierarchical,  the  external  Inputs  may 
enter  at  several  levels. 

1277. 

Moore-Ede,  M.  C.,  F.  M.  Sulzman,  and  C.  A.  Fuller.  Circadian  organization  In 
the  squirrel  monkey:  the  Internal  coupling  between  oscillators.  In: 
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Biological  Rhythms  and  their  Central  Mechanism  (A  Nalto  Foundation  Symposium), 
edited  by  M.  Suda.  0,  Hayalshl,  and  H.  Makagawa.  New  York: 
Elsevler/North-Honand.  1979,  pp,  405-418. 
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Moore-Ede,  M.  C.,  F.  M.  Suizman,  and  C.  A.  Fuller.  Uncoupling  of  circadian 
oscillators  at  the  limits  of  light-dark  cycle  entrainment  In  the  squirrel 
monkey*  Fed.  Proc.  38:  1318,  1979. 

To  examine  the  properties  of  the  competent  oscillators  In  the 
circadian  timing  system,  squirrel  monkeys  were  exposed  to  symetrical 
light-dark  cycles  with  periods  ranging  from  18  hrs  to  30  hrs.  The 
rhythms  of  feeding,  colonic  temperature  and  urinary  potassium 
excretion  were  simultaneously  examined  In  Individual  monkeys 
maintained  In  Isolation  chambers.  The  range  of  entrainment  of  the 
urinary  potassium  rhythm  was  much  smaller  that  that  of  feeding  and 
temperature  rhythms  supporting  previous  studies  Indicating  a separate 
renal  oscillator.  At  Zeitgeber  periods  <24  hours  feeding  and 
temperature  rhythms  showed  similar  ranges  of  entrainment  but  at 
periods  24  hrs  there  was  some  Indication  of  a wider  range  for 
feeding  than  temperature.  However,  the  average  waveforms  for  each 
Intralned  rhythm  of  feeding  or  body  temperature  Indicated  passive 
responses  to  light  as  well  as  the  entrainment  of  the  circadian 
oscillators.  High  frequency  LD  cycles  (LD  2 2)  clearly  showed  that 
these  passive  Increases  In  feeding  and  body  temperature  depended  on 
circadian  phase.  The  Interpretation  that  there  were  separate 
temperature  and  feeding  oscillators  is  therefore  tentative  because  of 
the  passive  responses  to  light. 


1279. 

Moore-Ede,  M.  C.,  F.  M.  Suizman,  C.  A.  Fuller,  and  L.  6.  Hlles.  Dissociation 
of  squirrel  monkey  circadian  rhythms  In  an  environment  with  conflicting 
temporal  Information  (abstract).  Fed.  Proc.  37:  832,  1978. 


1280. 

Moraal,  J.  Effects  of  training  and  sleep  deprivation  on  visual  Inspection  of 
static  and  dynamic  patterns.  Ergonomics  16:  332,  1973. 

Several  possibilities  were  Investigated  to  Improve  human 
Inspection  of  sheet  steel  surfaces  passing  on  a moving  belt.  The 
Investigation  was  part  of  an  ergonomic  research  programme  In  the  Dutch 
Steel  Industry,  supported  by  a grant  from  the  Council  of  European 
Communities.  As  a result  of  this  Investigation  the  lighting  at  the 
workplace  and  the  lay-out  of  the  Inspector's  cabin  were  altered  In 
order  to  Improve  the  conditions  under  which  the  Inspectors  have  to 
make  their  *go/no  go'  decisions  with  respect  to  the  surface  qualities 
of  the  sheets.  In  addition  some  laboratory  experiments  were  done  to 
study  the  effects  of  some  training  conditions  and  of  sleep  deprivation 
on  Inspection  performance.  A rather  simple  simulation  of  the 
above  mentioned  task  was  used.  Inspection  of  moving  or  dynamic 
patterns  (like  tne  real  task)  was  compared  with  Inspection  of  static 
patterns*  Results  of  the  experiments  will  be  presented  and  some 
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conclusions  with  respect  to  the  development  of  real  wort  situations 
will  be  discussed. 


1281. 

Morgan,  B.  B.,  Jr.  Effects  of  continuous  work  and  sleep  loss  In  the  reduction 
and  recovery  of  work  efficiency.  Am^.  Ind.  Hyg.  Assoc.  35:  13«20,  1974. 

The  synthetic-work  technique  has  been  employed  In  a series  of 
Investigations  designed  to  determine  (1)  the  extent  to  which 
performance  efficiency  Is  degraded  during  extended  periods  of 
continuous  work,  and  (2)  the  amount  of  sleep  necessary  for  the 
recovery  of  performance  from  the  effects  of  continuous  work  and  sleep 
loss.  The  results  of  these  studies  Indicate  that  36,  44,  and  48  hr  of 
continuous  work  and  sleep  loss  result  In  decrements  In  over-all  work 
efficiency  of  approximately  15,  20,  and  351  respectively.  Following 
36  hr.  of  continuous  work.  It  was  found  that  12  hr  of  sleep  Is 
sufficient  for  complete(lOOl)  recovery  of  performance,  but  complete 
recovery  Is  not  provided  by  2 (58*  recovery),  3 (53*  recovery),  or  4 
(73*  recovery)  hr  of  sleep.  It  also  has  been  Indicated  that  the  time 
course  of  recovery  Is  different  following  different  durations  of 
continuous  work  and  subsequent  sleep. 

1282. 

Morgan,  B.  B.,  Jr.,  and  E.  A.  Allulsl.  Applicability  of  research  on  sustained 
performance,  endurance,  and  work-rest  scheduling  to  the  development  of 
concepts  and  doctrine  of  continuous  operations.  In:  Human  Eng.  Labs.  Mil. 
Requirements  for  Res,  on  Continuous  Operations,  1972,  pp.  S9-115. 

The  effects  of  work-rest  schedules,  circadian  rhythms,  continuous 
work,  and  sleep  loss  on  work  behavior  or  sustained  performance  were 
studied.  A description  of  this  research.  Including  a discussion  of 
the  synthetic-work  methodology  and  the  multi  pie- task  performance 
battery  that  Is  the  foundation  of  that  methodology.  Is  presented. 

Some  of  the  more  Important  findings  of  this  research  are  also 
presented,  and  the  applicability  of  these  findings  to  the  requirements 
for  continuous  operations  Is  discussed. 
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Morgan,  B.  B.,  and  B.  R.  Brown.  Effects  of  48  hours  of  continuous  work  and 
sleep  loss  on  sustained  performance.  TRC  Report  No.  P-175482,  Sept.,  1970, 

The  synthetic-work  approach  was  employed  In  an  Investigation  of 
the  decrements  In  performance  produced  by  a 48  hour  period  of 
continuous  work  and  sleep  loss,  and  the  recovery  of  performance  from 
these  decrements  as  a result  of  24  hours  of  rest  and  recovery* 

Performance  during  the  48  hours  of  continuous  work  was  greatly 
Influenced  by  the  circadian  rhythm.  The  first  performance  decrements 
occurred  after  approximately  18  hours  of  work;  during  the  early 
morning  hours  of  the  first  night,  average  performance  decreased  to 
approximately  82*  of  baseline  performance.  All  measures  of 
performance  Indicated  that  the  recovery  of  performance  was  complete 
(to  baseline  levels)  following  the  24-hour  period  of  rest  and 
recovery. 
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MorMn,  B.  B.,  Jr.,  B.  R.  Brown,  and  E.  A.  Allulsl.  Effects  on  sustained 
perronnance  of  4B  hours  of  continuous  work  and  sleep  loss.  Hum.  Factors  16: 
406-414,  1974.  

The  work  efficiency  of  10  subjects  during  a 4B-hr  period  of 
continuous  work  and  sleep  loss  was  assessed  using  the  synthetic-work 
technique.  Performance  during  the  period  of  stress  was  found  to  be 
significantly  Influenced  by  the  circadian  rhythm.  Decrements  first 
occurred  after  approximately  IB  hr  of  continuous  work,  and  performance 
decreased  to  an  average  of  82t  of  baseline  during  the  early  morning 
hours  of  the  first  night.  Performance  Improved  to  about  90*  of 
baseline  during  the  daytime  of  the  second  dqy  but  decreased  to 
approximately  67*  during  that  night.  All  measures  of  performance 
recovered  to  baseline  levels  following  a 24-hr  period  of  rest  and 
recovery. 
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Norgan,  B.  B.,  B.  R.  Brown,  G.  0.  Coates,  and  E.  A.  Allulsl.  Sustained 
performance  during  thirty-six  hours  of  continuous  work  and  sleep  loss. 
Catalog  of  Selected  Documents  In  Psychology  7:  97  pp.,  1977. 
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Morgan,  B.  B.  and  G.  D.  Coates.  Sustained  performance  and  recovery  during 
continuous  operations.  Government  Reports  Announcements  (Report  No.  AD-4012 
908  OGA),  1974,  47  pp. 

The  two  sections  of  the  report  represent  the  reproduction  of  papers 
presented  at  the  82nd  annual  meeting  of  the  American  Psychological 
Association,  New  Orleans,  Louisiana,  30  August-3  September  1974  and 
the  18th  annual  meeting  of  the  Human  Factors  Society,  Huntsville, 
Alabama,  15-17  October  1974.  Both  papers  were  based  on  studies  of 
continuous  work  and  recovery  conducted  at  the  Performance  Research 
Laboratory,  University  of  Louisville,  Louisville,  Kentucky.  Results 
summarized  herein  suggest  that  performance  decrements  during  36  hr  of 
continuous  work  and  sleep  loss  will  vary  between  11  and  35*' depending 
upon  the  time  of  day  at  which  the  continuous-work  session  begins.  It 
1$  also  suggested  that  appropriately  scheduled  military  personnel  will 
be  able  to  maintain  acceptable  levels  of  performance  during  36  hr  of 
continuous  field  operations  and  that  these  personnel  will  require  6 to 
8 hrs  of  sleep  before  they  are  ready  to  return  to  duty. 
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Morgan,  B.  B.,  6.  D.  Coates,  and  E.  A.  Allulsl.  The  Effects  of  Continuous 
Work  and  Sleep  Loss  on  Sustained  Performance  and  Recovery  ^rlng  Continuous 
OperaTTons.  wor^ToTk  Va.;  Old  Dominion  UnIversTty  Research  Foundation,  197b, 

^0  pp. 


The  results  of  two  studies  - one  conducted  at  the  Performance 
Research  Laboratory  of  the  University  of  Louisville  under  support  of 
U.  S.  Army  Grant  No.  DAHC-73-G-0007,  and  the  second  conducted  at  the 
Performance  Assessment  Laboratory  of  Old  Dominion  University  under 
support  of  U.  S.  Army  Grant  No.  DAHC-19-74-G-0018  - are  reported. 
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These  studies  were  designed  to  extend  prior  findings  and  to  provide 
data  concerning  questions  left  unanswered  by  previous 
sustalned-perfonmance  studies  conducted  fay  the  authors  at  the 
University  of  Louisville. 

The  results  of  the  reported  studies  answer  two  specific  questions; 
namely,  they  Indicate  (1)  that  man's  ability  to  work  continuously  for 
36  hr  Is  determined  to  a large  extent  by  the  Interaction  of  the  work 
duration  with  the  circadian  rliythm,  and  (2)  that  the  recovery  of 
performance  from  decrements  associated  with  36  hr  of  continuous  work 
and  sleep  loss  will  require  8*12  hr  of  rest  and  recovery  or  sleep. 

Data  reviewed  herein  suggest  that  appropriately  motivated  and 
scheduled  Individuals  should  be  able  to  follow  a 36-hr  continuous- 
work,  12-hr  recovery  schedule  with  minimum  decrements  In  performance. 

1288. 

Morgan,  B.  B.  , G.  0.  Coates,  B.  R.  Brown,  E.  A.  Allulsl.  Effects  of 
continuous  work  and  sleep  loss  on  the  recovery  of  sustained  performance. 
Catalog  of  Selected  Documents  In  Psychology  4;  104-105,  1974. 
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Morgan,  B.  B.,  G.  D.  Coates,  R.  H.  Kirby,  and  D.  L.  Corson.  Efficacy  of 
self-regulation  In  the  enhancement  of  sustained  performance.  Catalog  of 
Selected  Documents  In  Psychology  7:  125-126,  1977. 
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Mori,  K.  Circadian  rhythms  of  corticold  and  catecholamine  excretion  during 
and  after  an  experimental  night  shift.  Jap.  J.  Industr.  Hlth  16:  566-567, 
1974.  
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Mori,  K.,  Diurnal  rhythm  and  reversal  of  the  biological  clock.  Horumon  To 
Rinsho  26:  423-428,  1978. 

1292. 

Morlmoto,  Y.,  T.  Olshi,  K.  Arlsue,  and  Y.  Yamamura.  Effect  of  food 
restriction  and  Its  withdrawal  on  the  circadian  adrenocortical  rhythm  In  rats 
under  constant  dark  or  constant  lighting  condition.  Neuroendocrinology  29; 
77-83,  1979. 

Effects  of  food  restriction  and  Its  withdrawal  on  the  circadian 
adrenocortical  rhythm  were  studied  In  adult  female  rats  under  constant 
darkness  (DD)  and  constant  lighting  (LL).  The  animals  were  fed 
restrictedly  during  the  daytime  under  DD  and  at  night  under  LL  for  10 
days,  and  thereafter  allowed  to  take  food  ad  libitum.  All  the  studies 
were  perfoimed  as  group  data.  The  circadian  peak  of  mean  plasma 
corticosterone  (B)  levels  was  demonstrated  Just  before  the  beginning 
of  feeding  under  either  DD  or  LL  condition.  Thus,  the  food 
restriction  seemed  to  be  an  apparent  single  entralner  of  the 
periodicity  of  plasma  B levels  If  the  light-dark  cycle  was  absent. 
However,  the  circadian  variation  of  plasma  B was  rapidly  shifted  after 
the  withdrawal  of  10-day  food  restriction  and  turned  to  a similar 
pattern  to  those  seen  In  the  rat  fed  ad  libitum  throughout  DD  or  LL 
for  10  days.  The  circadian  periodicity  of  food  Intake  after  the 
withdrawal  of  food  restriction  was  also  shifted  to  the  pattern  shown 
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by  the  rat  fed  ^ llbltuw  under  DD.  These  findings  suggest  that  the 
forced  alteration  of  eating  rhytNi  Induced  by  the  restriction  of 
feeding  mey  act  only  as  a temporary  entralner  of  the  periodicity  In 
the  pituitary-adrenal  system.  Thus,  It  Is  possible  that  an  endogenous 
adrenocortical  rhythm  may  exist  under  the  free-running  conditions  and 
only  be  entrained  by  feeding  scheules,  and  that  the  food  restriction 
regimen  may  have  no  essential  effect  on  the  supposed  biological 
clodc(s)  which  regulates  the  circadian  rhytNi  of  the  pituitary-adrenal 
system  as  well  as  that  of  locomotor  activity  or  eating  behavior. 
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Morlmoto,  Y.,  and  Y,  Yamamura.  Factors  entraining  circadian  rhythms  In 
mammals:  Regulation  of  circadian  adrenocortical  periodicities  and  of 
eating-fasting  cycles  In  rats  under  various  lighting  conditions.  In: 
Biological  Rtythms  and  Their  Central  Mechanism,  edited  by  M.  Suda,  0. 

Kayal  shl ,'  ana  H.  Nal^awa.  New  York:  C 1 sevler/North-Hol  1 and  B1  omedical 
Press,  1979,  pp.  177-188. 
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Morin,  L.  P.,  K.  M.  Fitgerald,  and  I.  Zucker.  Estradiol  shortens  the  period 
of  hamster  circadian  rhythms.  Science  196:  305-306,  1977. 

Continuous  administration  of  estradiol  benzoate  by  means  of 
subcutaneously  Implanted  capsules  shortened  the  free-running  circadian 
period  of  locomotor  activity  of  blind  hamsters  (Mesocricetus  auratus) 
that  had  had  their  ovaries  removed.  Estradiol  also  advanced  the  phase 
of  the  wheel  running  of  sighted  female  hamsters  without  ovaries  that 
were  entrained  to  a photoperiod  with  12  hours  of  light  and  12  of 
darkness.  These  results,  and  findings  from  hamsters  undergoing 
natural  estrous  cycles.  Indicate  that  endogenous  estradiol  Is  Involved 
In  the  regulation  of  circadian  periodicity* 
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Morris,  G.  0.,  and  M.  T.  Singer.  Sleep  deprivation:  the  context  of 
consciousness.  J.  Nervous  Mental  Pis.  4:  291-304,  1966. 
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Mon  j,  T.  R.  The  photoperlodic  effect  of  ahemeral  light-dark  cycles  which 
entrain  circadian  rhythms.  Br.  Poult.  Scl.  19:  207-212,  1978. 

1297. 

Moses,  J.  M.,  0.  J.  Hord,  A.  Lubln,  L.  C.  Johnson,  P.  Naltoh.  Dynamics  of 
nap  sleep  during  a 40  hour  period.  Electorenceph.  Clin.  Neurophysiol. 
39:  627-633,  1975. 

Following  one  baseline  night,  the  sleep  of  8 adult  males  In 
equally  spaced  1 h naps  was  Investigated  over  a 40  h period.  The 
amount  of  stage  REM  during  the  naps  and  the  total  sleep  time  were 
negatively  related  to  the  circadian  -temperature  cycle.  A 
reciprocal  positive  relation  was  found  between  REM  and  stage  4.  Stage 
REM  often  occurred  with  10  min  of  stage  1 onset.  Autocorrelation  and 
cross-correlation  analysis  showed  that  the  progression  of  sleep  stages 
from  hour  to  hour  In  baseline  sleep  was  altered  In  sequential  naps. 
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No  significant  differences  mre  observed  between  baseline  and  recovery 
sleep  was  altered  In  sequential  naps.  A second  group  of  men  who  were 
sleep-deprived  for  40  h,  with  exercise  periods  substituted  for  naps, 
showed  typical  sleep-loss  effects  during  recovery  sleep.  It  1$ 
suggested  that  the  timing  of  REM  onset  msy  be  controlled  by  a 
sleep-dependent  ultradlan  clock. 
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Moses,  J.  J.,  L.  C.  Johnson,  P.  Naltoh,  and  A.  Lubln.  Sleep  stage  deprivation 
and^ total  sleep  loss:  effects  on  sleep  behavior.  Physiology  12:  141-146, 

The  combined  effects  of  total  sleep  loss  and  the  deprivation  of 
stage  4 or  stage  REM  were  studied  In  two  separate  experiments.  Two 
full  nights  of  sleep  loss  preceded  stage  4 deprivation  or  stage  REM 
deprivation  In  Experiment  1 (N*  12);  1 full  night  of  sleep  loss 
followed  3 nights  of  stage  4 deprivation  or  stage  REM  deprivation  In 
Experiment  2 (N-14). 

Total  sleep  loss  before  sleep  stage  deprivation  significantly 
Increased  the  number  of  attempts  to  enter  stage  4,  but  had  little 
Influence  on  stage  REM.  A significant  REM  rebound  was  found  In  only 
one  of  the  REM-deprIved  groups,  but  there  was  a significant  stage  4 
rebound  In  all  groups  on  the  first  full  recovery  night,  supporting  the 
hypothesis  from  other  studies  that  stage  4 has  priority  over  REM  In 
terms  of  recovery  from  sleep  loss.  The  results  suggested  that  stages 
2,  3,  and  4 partially  overlap  In  their  recuperative  functions. 

1299. 

Moses,  J.  M.,  A.  Lubln,  L.  C.  Johnson,  and  P.  Naltoh.  Rapid  eye  movement 
cycle  Is  a sleep-dependent  rhythm.  Nature  265;  360-361,  1977. 
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Moses,  J.  A.  Lubln,  P.  Naltoh,  and  L.  C.  Johnson.  Exercise  and  sleep  loss: 
Effects  on  recovery  sleep.  Psychophyslol.  14:  414-416,  1977. 

The  effects  of  exercise  and  sleep  loss  on  recovery  sleep  were 
studied  In  young  male  naval  volunteers.  For  1 hr  out  of  every  4 hrs 
during  a 40-hr  period,  20  subjects  rested  In  bed  and  10  subjects 
bicycled.  Eleven  measures  of  recovery  night  sleep  were  selected  for 
comparison  of  the  bedrest  and  exercise  groups.  Only  one  reached 
significance  under  the  conservative  Dunn-Bonfert*on1  criterion:  the 
exercise  group  had  a higher  percent  total  sleep  time.  The  results 
Indicate  that  exercise  does  Increase  the  effects  of  sleep  loss  on 
recovery  sleep,  but  that  there  Is  no  simple,  direct  effect  on  specific 
sleep  stages. 
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Moses,  J.,  A.  Lubln,  P.  Naltoh,  and  L.  C.  Johnson.  Circadian  variation  In 
performance,  s(A)Ject1ve  sleepiness,  sleep,  and  oral  temperature  during  an 
altered  sleep-wake  schedule.  Biol.  Psychol.  6:  301-318,  1978. 

The  effect  of  an  altered  sleep-wake  schedule  on  the  Interrelation 
of  oral  temperature,  performance,  and  sleepiness  was  studied  In  38 
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male  Naval  volunteers  viho  maintained  a 60  min.  treatment  - 160  min 
testing  schedule  for  40  consecutive  hrs.  During  the  60  min  treatment 
portion  of  each  epoch,  8 subjects  napped,  10  subjects  exercised,  and 
20  subjects  rested  In  bed.  Sleep  measures  (for  the  nap  subjects),  oral 

temperature,  performance  on  several  tests,  and  Stanford  Sleepiness 
Scale  ratings  were  obtained  at  10  equidistant  Intervals  throughout  the 
40-hr  period.  W1 thin-subject  correlations  showed  that  minimum  oral 
temperature  was  significantly  associated  with  maximum  nap  sleep  time, 
errors  on  a vigilance  task,  and  sleepiness  ratings.  In  the  nap 
subjects,  errors  and  sleepiness  ratings  were  highest  following  naps 
with  high  total  sleep  time,  suggesting  that  sleep  was  detrimental  to 
Immediately  subsequent  performance  and  alertness.  The  distribution 
and  Interrelation  of  temperature,  errors,  and  sleepiness,  however,  was 
similar  In  the  three  groups:  this  Indicated  that  the  synchronous 
circadian  variation  In  these  measures  was  responsible  for  the  apparent 
detrimental  effect  of  sleep  In  the  nap  subjects.  When  the  diurnal 
effect  was  removed  by  holding  time  of  day  constant,  the  correlations 
among  the  variables  fell  to  near-zero.  Indicating  no  causal 
relationship  among  the  variables  Independent  of  the  circadian  rhythm. 
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Moses,  J.  P.  Naltoh,  L.  C.  Johnson.  The  REM  cycle  In  altered  sleep/wake 
schedules.  Psychophyslol.  15:  569-575,  1978. 

The  length  and  rhythmicity  of  the  REM  cycle  was  studied  using  data 
from  three  laboratories.  In  the  three  studies,  25  subjects  obtained 
their  sleep  In  naps  under  three  different  sleep/wake  schedules: 

60A60  min  (N«8),  30/60  min  (N>10),  «nd  60/120  min  (N-7),  over  a 
period  of  40  hrs  to  10  days.  Previous  results  from  these  subjects 
(Moses,  Lubln,  Johnson,  6 Naltoh,  1977)  Indicated  that  the  REM  cycle 
Is  sleep- dependent,  rather  than  an  expression  of  an  ongoing  Basic 
Rest-Activity  Cycle  (BRAC).  As  a further  test  of  the  sleep-dependent 
hypothesis,  autocorrelation  and  r^  analysis  was  applied  to  the 
compressed  sleep  (1.  e.,  all  wake  time  between  and  within  sleep 
periods  subtracted)  of  the  baseline,  nap,  and  recovery  conditions. 
Compared  to  baseline,  there  were  no  significant  differences  In  nap  REM 
cycle  length  In  the  60/160  and  60/120  groups:  the  30/60  group  had 
significantly  shorter  cycles.  It  appeared  that  this  REM  cycle 
shortening  was  due  to  the  significantly  shorter  REM  episodes  In  this 
group.  The  nap  r^  values  were  significantly  lower  than  baseline  In 
the  30/60  and  60/120  groups.  Indicating  Increased  variability  In  the 
timing  of  REM  episodes  during  naps.  All  the  nap  r^  values,  however, 
were  significantly  larger  than  those  obtained  from  a random 
distribution  of  sleep  stages. 

To  further  examine  the  effects  of  the  degree  of  sleep 
fragmentation  on  REM  cycle  rhythmicity,  two  additional  groups  of 
subjects  ^ose  sleep  was  fragmented  by  either  REM  or  SWS  deprivation 
were  compared  to  the  nap  groups.  REM  deprivation  was  the  most 
disruptive  of  RQ1  cycle  rhythmicity:  the  revalues  for  REM 
deprivation  were  significantly  less  than  those  for  napping  or  SWS 
deprivation. 


These  data  offer  further  support  that  the  REM  cycle  Is  a 
sleep-dependent  rhythm  and  Is  not  an  expression  of  an  ongoing  BRAC. 
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Hosier,  J.  E.  An  Investigation  of  Blorhythwlc  Influence  Upon  Human 
Performance.  (TT  S.  Thesis),  Naval  Postgraduate  School,  Hontercy,  Ca.,  39 
pp*.  Report  No.  AO/A-001  266,  1974. 

Hand  grip  strength  and  a psychomotor  taste  (pursuit  rotor  task) 
measurements  were  obtained  from  7 male  subjects  for  50  d^ys.  Subjects 
and  experimenters  were  unfamiliar  with  biorhythm  theory.  Analysis  of 
the  relationship  between  biorhythm  theory  and  performance  was  made  by 
Kolmogorov-Smirnov  test  for  uniformity  of  dlstrlbutlon(KS),  chi  square 
contingency  test  (CSCT),  calculation  of  correlation  coefficients (R) 
and  Multiple  regression  (MR).  The  KS  revealed  nonuniformity  In  hand 
grip  scores  with  respect  to  the  physical  biorhythm  cycle.  Mo  other 
relationships  were  significant.  The  CSCT  revealed  a significnat 
relationship  between  hand  grip  performance  and  the  physical  cycle. 

The  author  also  claims  a significant  relationship  for  psychomotor 
performance  and  the  emotional  and  Intellectual  cycles  but  uses  P 1.  e. 
0.1  as  the  significance  criterion.  The  values  obtained  for  R and  MR 
exhibited  considerable  variability.  The  author  Interprets  this 
as  evidence  for  Individual  variability  In  the  biorhythmic  Influence  on 
performance  but  one  could,  with  equal  validity*  Interpret  this 
variability  as  a reflection  of  a stochastic  process  (1.  e.  random 
distribution  of  performance  with  respect  to  biorhythm  cycles.  The 
author  concludes  that  a functional  relationship  between  biorhythm 
cycles  and  performance  may  exist* However,  the  failure  to  control 
possible  circadian  Influences,  the  use  of  coded  or  -)  performance 
data  Instead  of  the  real  data  (perhaps  normalized  with  linear  trend 
removal),  and  the  variability  of  the  correlation  and  multiple 
regression  coefficients  leave  this  conclusion  In  doubt. 
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Hosko,  S.  $. , and  R.  Y.  Moore.  Aging  of  circadian  rhythms  In  female  rats. 

Soc.  Neuroscl.  Abstr.  5:  9,  1979. 

During  the  normal  course  of  aging  In  female  rats,  estrous  cycling 
breaks  down  near  the  end  of  the  first  year  and  rats  enter  a constant 
vaginal  estrous(CVE)  state  at  12-15  mo  which  Is  succeeded  by  a series 
of  repetitive  pseudopregnancies  beginning  at  about  2 yrs.  The  primary 
deficit  responsible  for  the  breakdown  In  cycling  Is  unknown.  Rats 
with  neonatal  or  adult  lesions  of  the  suprachlasmatic  nucleus,  which 
abolish  circadian  rhythmicity*  exhibit  a permanent  CVE  syndrome.  The 
estrous  cycle  of  rodents  has  a circadian  organization  which  Is  timed 
by  the  light-dark  cycle,  and  recent  evidence  Indicates  that  there  may 
exist  a circadian  signal  for  LH  release  which  Is  responsible  for  the 
preovulatory  LH  surge.  We  compared  circadian  rhythms  In  7 old 
constant  estrous  (OCE; 16-18  mo)  and  4 old  repetitive  pseudopregnant 
(ORPP;  24-26  mo)  rats  to  rhythms  In  6 young  cycling  (YC;  3-4  mo)  rats 
to  determine  If  aging  of  circadian  rhythm  generating  mechanisms  could 
be  a factor  In  the  breakdown  of  estrous  cycling  In  aging  females.  In 
addition,  since  neonatal  androgenizatlon  Induces  a permanent  CVE  state 
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which  has  been  viewed  as  a model  of  early  reproductive  senescence,  we 
also  examined  circadian  rhythnldty  In  younp,  early  androoenized  (YFA; 

3-4  mo  ) rats  (lOOug  testosterone  proprlonate,  s*  c«,  on  the  day  after 
birth). 

Circadian  rhythms  In  locomotor  activity  and  drinking  behavior 
were  monitored  In  all  rats  (Long  Evans,  hooded)  In  both  entrained  (L. 
n.  14-10)  and  free-running  Constant  dim  Illumination,  1.0  lx) 
conditions.  The  results  Indicate  that  circadian  rhythmicity  In  both 
behaviors  declines  with  Increasing  age.  In  diurnal  lighting  YC,  OCE 
and  ORPP  rats  restrict  72.7  ♦/-  2.4%,  67.1  ♦/•  1«7%  and  5fi.9  ♦/-  2.21, 
respectively,  of  their  drinking  behavior  to  the  10  hrs  of  darkness. 

This  percentage  decrease  In  aged  rats  Is  primarily  the  result  of  fewer 
drinking  events  during  the  dark  phase.  Power  spectral  analyses  of 
drinking  events  In  both  entrained  and  free  running  conditions  reveal  a 
progressive  flattening  of  the  spectrum  and  a diminished  circadian  peak 
with  advanced  age.  YEA  rats.  In  contrast,  exhibit  normal  rhythmicity 
In  activity  and  drinking. 

Our  findings  Indicate  that  the  amplitude  of  circadian  functions 
declines  significantly  with  advancing  age  In  rats.  Aging  of  central 
circadian  rhythm  generating  mechanisms  Is  Implicated.  Dampened 
circadian  functions  In  old  age  could  contribute  to  the  normal  pattern 
of  reproductive  senescence  observed  In  female  rats.  The  observation 
that  YEA  rats  exhibit  nonnal  circadian  rhythms  may  Indicate  that 
different  mechanisms  underlie  the  CVE  states  of  the  YEA  rat  and  rat 
with  suprachlasmatlc  nucleus  ablation. 

1305. 

Mouret,  J.,  J.  Coindet  and  G.  Chouvet.  Circadian  rhythms  of  sleep  In  the  rat 

Importance  of  the  feeding  schedule.  Int.  Chronoblol.  1:  345,  1973. 

Twelve  male  Wistar  rats  (210-230  g In  weight)  were  chronically 
Implanted  with  cortical  and  muscular  electrodes  after  at  least  15  d of 
adaptation  to  the  envl romental  conditions  of  the  laboratory  (L.D. 

12:12):  light  on  from  0700  to  1900;  25PC;  food  and  water  ad  libitum. 
Following  the  surgery  they  were  housed  singly  In  glass  Jars  an3 
connected  to  the  recording  cable.  After  a further  15  d to  adapt  to 
this  new  condition,  they  were  recorded  continuously  (24  h per  day)  for 
an  8-d  span.  The  records  were  scored  to  the  nearest  minute  for  the 
presence  of  Wakefulness  (W),  Slow  Wave  Sleep  (SWS)  and  Paradoxical 
Sleep  (PS)  and  utilized  as  base-line  data.  Then  food  and  water 
availability  were  restricted  to  the  light  part  of  the  cycle  for  8 
rats,  and  to  the  dark  half  for  4 rats,  for  respectively  a 26-d  and 
6-d  span,  at  the  end  of  which  food  and  water  were  given  ad  JJb.  again 
Whereas  no  changes  In  diurnal  sleep  and  circadian  rhythms  were 
observed  after  restriction  of  food  and  water  to  the  dark  hours  as 
compared  with  the  control  span  (Increase  In  SWS  and  PS  during  the 
light),  some  Impressive  changes  In  these  rhythms  appeared  on  the  other 
feeding  schedule:  1) Progressive  d1 sappearance  of  the  differences  In 
SWS  between  the  light  and  dark  hours,  without  variations  In  SWS  amounts 
on  a 24-h  base,  and  2)  specific  Increase  In  PS  which  became  more 
prominent  during  the  dark  hours,  and  was  Increas.  d on  a 24-h  base. 

The  Importance  of  this  specific  Increase,  as  well  as  the  respective 
roles  of  light  and  food  In  maintaining  the  diurnal  pattern  of  sleep  In 
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the  rat  will  be  discussed  In  relation  with  the  current  theories  of 
sleep. 

1306. 

Houton.  A.  Aspects  particullers  de  1 'adaptation  du  travail  a rhoame  en 
milieu  saharTen  TTResfsT.  

1307. 

Mueller-Seltz,  P.  The  factory  doctor  and  shift  work.  Zentralbl.  Arbeltswed. 
Arbeltsschutz  Prophylexe  28;  187-197,  1978. 

1308. 

Hukku,  V.,  S.  Prahalada,  and  N.  R.  Houdgal.  Effect  of  constant  light  on 
nychthemeral  variations  In  serum  testosterone  In  male  Nacaca  radlata.  Nature 
260;  778-780,  1976.  

In  conclusion,  the  present  study  shows  that  the  bonnet  monkey 
exhibits  a high  level  of  serum  testosterone  during  night  hours,  which 
Is  abolished  on  exposure  to  constant  light,  suggesting  that  this 
variation  In  serum  testosterone  Is  a nychthemeral  rhythm. 

1309. 

Mullaney,  0.  J.,  L.  C.  Johnson,  P.  Naltoh,  J.  K.  Friedmann,  and  G.  G.  Globus. 
Sleep  during  and  after  gradual  sleep  reduction.  Psychophysiology  14: 

237-244,  1977.  ^ 

To  determine:  1)  the  minimum  atXHints  of  sleep  subjects  would 

tolerate,  2)  the  changes  In  EEG  sleep  measures,  and  3)  whether 
subjects  would  revert  to  baseline  sleep  after  study  termination,  4 
couples  gradually  reduced  their  sleep.  Three  couples  reduced  their 
TST  In  30-m1n  steps  from  a baseline  of  8 hrs  and  one  couple  from  a 
baseline  of  6.5  hours.  Subjective  estimates  of  sleep  time,  sleep 
quality,  and  mood  were  collected  dally.  Home  EEG  sleep  recordings 
mere  obtained  3 nights  a week. 

Two  of  the  8-hr  sleepers  reduced  their  sleep  to  5.5  hrs,  2 to  5.0 
hrs,  and  2 reached  4.5  hrs.  These  6 subjects  continued  sleeping  1 to 
2.5  hrs.  below  baseline  amounts  a year  after  reduction  terminated. 

The  6.5-hr  baseline  couple  reached  5.0  hrs  and  returned  to  6.4  hrs  TST 
during  follow-up. 

Stages  1,  2,  and  REN  decreased  significantly  In  absolute  amounts. 
Percentage  of  stages  1 and  2 also  decreased  significantly.  REM 
percent  remained  constant.  Stage  3 was  constant.  Stage  4 rebound  on 
7-hr  nights  was  not  observed  ^rlng  times  of  greatest  sleep  reduction. 

Occurrences  of  stage  REM  within  109  min.  of  stage  1 onset  were 
observed  In  2 subjects  mhen  their  TST  was  below  6.5  hrs. 

Our  results  are  consistent  with  other  studies  of  shortened  sleep. 
Indicating  that  TST  Is  the  major  determinant  of  sleep-stage 
characteristics. 

1310. 

Nuller-Seltz,  P.  Tagesschwankungen  Nenschllsher  Arbeltserglebigkelt  (Dally 
fluctuations  In  worker  performance.  (In  German)  Wt-Zeltschrlft  fur 
Industrlelle  Fertigung  68:  23-26,  1978. 
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There  «re  24-h  cyclic  varletlons  in  hianan  Norting  capacity  »l^hich 
are  incompatible  with  Industrial  productivity  requirements.  These 
permanently  conflicting  factors  may  result  in  qualitative/quantitative 
decrease  in  performance  and  /w  higher  accident  frequency.  The  author 
studies  the  mechanism  of  the  cyclic  24-h  performance  rhythm  and  the 
effects  of  decreased  performance  on  production,  and  recommends  the 
following  organizational  measures:  concentration  of  work  peaks  in 
periods  where  performance  is  above  average;  introduction  of  work 
breaks  with  physical  exercise  and  work  to  music,  linked  to  the 
physiological  rhythm;  adaptation  of  speed  of  assembly-line  work  to 
peaks  and  troughs  of  the  24-h  performance  cycle;  informing  workers  and 
supervisors  about  the  24-h  performance. 


1311. 

Murakami,  H,,  and  H.  Imai.  A digital  auto-recorder  for  measuring  the  drinking 
frequency  of  mice.  Lab.  Anim.  Sci.  25:  634-637,  1975. 

1312. 

Murakami,  H.  and  Murakami,  Y.  Effect  of  an  altered  rest-activity  or  feeding 
schedule  on  the  shift  of  motor  activity  rhythm  of  mice.  Aviat.  Space  Environ. 
Med.  51:  371-374,  1980. 

Preflight  acclimatization  to  the  rhythm  of  destination  and 
post  flight  daytime  activity  are  assumed  to  be  effective 
countermeasures  against  the  Jet  lag  syndrome.  Regarding  this  idea, 
resynchronization  of  motor  activity  rhythm  was  investigated  in  mice 
subjected  to  daytime  exercises  on  a driven  belt  before  or  after  the 
reversal  of  lighting  regimen.  In  addition,  the  effect  of  prior 
daytime  feeding  was  studied.  No  evidence  was  manifested  that  the 
forced  exercises  or  feeding  schedule  would  hasten  synchronization. 

This  result  indicates  that  the  central  control  system  of  motor 
activity  rhythm  could  not  be  manipulated  favorably  by  such  method  in 
mice.  On  the  basis  of  the  result  obtained,  the  applicability  of 
countermeasures  to  human  beings  was  discussed. 

1313. 

Murphy,  M.  R.,  R.  J.  Randle,  and  B.  A.  Williams.  Diurnal  rhythms  of  visual 
accommodation  and  blink  responses:  Implications  for  flight-deck  visual 

standards.  Aviat.  Space  Environ.  Med.  48:  524-526,  1977. 

The  major  purpose  of  this  study  was  to  determine  whether  24-h 
variations  in  accommodation  responses  occur  and,  if  they  do,  whether 
they  should  be  considered  in  setting  visual  standards  for  flight-deck 
tasks.  A recently  developed  servo-controlled  optometer  and  focus 
stimulator  were  used  to  obtain  monocular  accommodation  response  data 
on  four  college-age  subjects.  No  24-h  rhythm  in  accommodation  was 
shown.  Heart  rate  and  blink  rate  also  were  measured  and  periodicity 
analysis  showed  a mean  24-h  rhythm  for  both;  however,  blink  rate 
periodogrms  were  significant  (p<0,003)  for  only  two  of  the  four 
subjects.  Thus  with  the  qualifications  that  college  students  were 
tested  instead  of  pilots  and  that  they  performed  monocular  laboratory 
tasks  instead  of  binocular  flight-deck  tasks,  it  is  concluded  that 
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24-h  rtythMs  In  accoRModatlon  responses  need  not  be  considered  In 
setting  visual  standards  for  fl1ght*deck  tasks. 

1314. 

Hurrell,  K.  F.  H.  Industrial  work  rby thns.  In: 

Performance,  edited  by  N.  P.  Colquhoun,  New  York: 

pTTSUm. 

1315. 

Myasnikov,  V.  I.  Characteristics  of  the  sleep  of  men  In  simulated  space 
flights.  Aviat.  Space  Environ.  Med.  46:  401*408,  1975. 

1316. 

Nyers,  R.  0.  Typerature  regulation:  Neuryhemical  system  In  the 

hypothalamus,  in:  the  Mypolhaiamus.  edited  by  s.  W.  Haymaker, 

and  H.  J.  H.  Nauta.  "3pringrieT<i,  in.:  C.  Thomas,  1969,  pp.  507-523. 
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1317. 

Nachrelner,  F.  Role  perceptions.  Job  satisfaction  and  attitudes  towards 
shiftwork  of  workers  In  different  systems  as  related  to  situational  and 
personal  factors  (abstract).  Int.  £.  Chronoblol.  3:  4,  1975. 

A survey  program  on  the  perception  of  the  social  situation,  the 
attitudes  and  subjective  evaluations  of  health  state  In  shift  workers 
was  conducted.  The  sample  consisted  of  1005  workers  In  different 
shift  systems,  who  completed  a questionnaire  with  a variety  of  topics. 
Analyses  showed  that  attitudes  towards  shiftwork,  subjective 
evaluation  of  health  state,  perception  of  the  social  situation  and 
tenure  of  jobs  In  shiftwork  are  Influenced  by  the  type  of  shift 
system,  neuroticism  and  extroversion. 

1318. 

Nachrelner,  F.  Elnstellung  zur  Schicht  arbelt.  Zeltschrlft 
Arbel tswi ssenschaf ten  32:  152-159,  1977. 

1319. 

Nachrelner,  F.  Role  perceptions,  job  satisfaction,  and  attitudes  towards 
shiftwork  of  workers  In  different  systems  as  related  to  situational  and 
personal  factors.  In:  Experimental  Studies  In  Shiftwork,  edited  by  W.  P. 
Colquhoun,  S.  Folkard,  P.  Knauth,  and  0.  ((utenTranz.  Opladen:  Westdeutscher 
Verlag,  1975,  pp.  232-243. 

1320. 

Nachrelner,  F.,  and  J.  Rutenfranz.  Sozlalpsychologische, 
arbel tspsychologische  und  arbel tsmedizinische  Erhebungen  in  der  Chemischen 
Industrie.  In:  Schichtarbeit  bel  kontinulerllcher  Produktion,  edited  by  F. 
Nachrelner,  R.  Frielingsdorf,  R.  Romahn,  P.  Knauth,  W.  Kuhimann,  F.  Kllmmer, 
0.  Rutenfranz,  and  E.  Werner.  Dortmund:  Bundesanstal t fur  Arbel tsschutz  und 
Unfall forschung,  1975,  pp.  83-177. 

1321. 

Nagayama,  H. , A.  Takagi,  Y.  Sakural,  K.  Nishlwaki,  and  R.  Takahashl. 
Chronopharmacological  stu((y  of  neuroleptics.  II.  Circadian  susceptibility 
rhythm  to  chlorpromazine.  Psychopharmacol ogy  58:  49-53,  1978. 

In  order  to  study  differences  In  the  effect  of  the  neuroleptics 
due  to  time  of  a<tai1n1strat1on,  rats  were  administered  chlorpromazine 
(CPZ)  In  a variety  of  combinations  of  dose  and  time  and  the  sedation 
period  was  measured.  There  was  dally  fluctuation  In  the  sedative 
effect  and  the  pattern  of  fluctuation  differed  according  to  dosage.  A 
similar  st.  v under  the  condition  of  reversed  light  and  dark  gave  a 
reversed  curve  of  the  dally  fluctuation.,  showing  that  the  rhythm  of 
light  and  dark  controls  the  fluctuation  externally.  In  an  attempt  to 
elucidate  the  mechanism  of  these  phenomena,  CPZ  was  administered  at 
two  different  times,  between  which  there  was  a significant  difference 
In  the  sedation  period,  and  time-course  changes  In  plasma  and  brain 
concentration  of  the  drug  and  Its  metabolites  were  measured.  No 
difference  was  found.  These  results  are  Interpreted  as  Indicating 
that  the  phenomena  could  arise  at  the  level  of  amine-receptor  activity 
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tn  the  brain.  In  addition,  dally  fluctuation  due  to  time  of 
administration  was  noted  In  lethality. 

1322. 

Naltoh,  P.  Sleep  Loss  and  Its  Effects  on  Performance.  Washington  0.  C.: 
Bureau  of  Medicine  and  Turgery*  t)ept.  o7”the  Nayy,  Report  68-3,  1969,  65  pp. 

The  effects  of  sleep  loss  on  human  task  performance  were  discussed 
under  total,  partial,  and  selective  deprivations  of  sleep.  Some  of 
the  frequently  used  psychological  tasks  In  studies  of  total  sleep  loss 
were  described  In  sufficient  detail  so  that  experimenters  could 
choose,  on  the  basis  of  materials  presented  In  this  monograph, 
adequate  tasks  to  fit  their  experimental  objectives.  Factors  which 
played  critical  roles  In  determining  the  degree  of  task  sensitivity  to 
total  sleep  loss  were  listed.  Effects  of  shortened  hours  of  sleep 
on  human  task  performance  were  discussed.  Effects  of  selected  sleep 
deprivation  on  performance  were  also  briefly  commented  upon.  The 
commentary  of  this  monograph  covered  almost  all  studies  conducted  on 
sleep  loss  under  laboratory  conditions,  Including  a series  of  on-going 
experiments  on  total  and  selective  sleep  deprivanons  at  the  Nayy 
Medical  Neuropsychiatric  Research  Unit,  San  Diego,  California  92152. 

The  commentary  was  followed  by  a bibliography  on  sleep  deprivation 
with  author  and  subject  Indices. 

1323. 

Naltoh,  P.  Sleep  deprivation  In  human  subjects:  a reappraisal.  Waking  and 
Sleeping  1:  53-60,  1976. 

Some  recent  studies  on  sleep  loss  reveal  significant  Improvements 
In  biochemical,  physiological  and  psychological  methods  of  assessment. 
Critical  examination  of  these  studies  Indicates  altered  research 
emphasis,  some  newly  developed  research  concepts,  and  a new  awareness 
of  tne  methodological  complexity  Involved  In  the  seemingly  simple 
research  tool,  sleep  deprivation.  This  present  paper  suggests  that 
sleep  deprivation  research  will  remain  Important  In  advancing  our 
understanding  of  the  Impact  of  sleep  loss,  and  of  the  mechanisms  for 
the  need  of  sleep. 

1324. 

Naltoh,  P.,  C.  E.  Englund,  J.  Spinweber,  and  R.  Hilbert.  Effects  of  vigil  on 
human  circadian  rhythms:  normative  data  (abstract)..  Chronoblologla  6:  135, 
1971.  

1325. 

Nakagawa,  H. , K.  Nagal,  K,  Kida,  and  T.  Nishlo.  Control  mechanism  of 
circadian  rhythms  of  feeding  behavior  and  metabolism  Influenced  by  food 
Intake.  In:  Biological  Rhythms  and  thel r Central  Mechanism  (A  Nalto 
Foundation  Symposium),  edited  by  M.  Suda,  0.  Hayalshi,  and  H.  Nakagawa.  New 
York:  Elsevler/North-Holland,  1979,  pp.  283-294. 
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A biologicel  clock  of  circadian  feeding  rhythm  was  shown  to  be 
present  In  the  suprachlasnatic  nuclei  (SCNj,  through  which  feeding 
behavior  was  entrained  to  environmental  lighting.  The  SCN  was  also 
Involved,  not  only  In  memory  of  feeding  time  learned  during  meal 
feeding,  but  also  In  anticipatory  reactions,  such  as  drinking 
behavior,  just  before  eating*  Experiments  on  the  effects  of  lesions 
of  the  brain  suggested  that  circadian  time  signal  for  feeding  behavior 
might  be  transmitted  form  the  SCN  to  the  CMH  and  LH.  Food  Is  also  a 
Zeitgeber,  since  the  phases  of  the  entyme  rhythms  In  gluconeogenesis 
<*nd  urogenesis  are  shifted  In  entrainment  with  newly  established 
feeding  times.  Irrespective  of  the  lighting  conditions.  It  seems 
.Ikely,  however,  that  food  may  affect  the  VMH  and/or  LH  more  than  the 
SCN,  though  the  feeding  time  may  be  Imprinted  through  the  function  of 
the  SCN.  These  relationships  are  summarized  schematically  In  Fig.  8. 
It  Is  also  suggested  that  CaZ'*'  channels  and  /or  carbohydrate 
metabolism  may  be  Involved  in  generation  of  the  time  signal. 


Pynamics  of  psychic  performance  during  continuous  72-hour 
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1326. 

Narinskala,  A.  L.  vrj  M WII  ■ VI  w I*  t w » » w • ■ '’'a  

wakefulness.  Aktual'nyye  Voprosy  Kosmicheskoy  Blologll  i Meditsiny, Moscow, 
1971,  pp.  201-202.  (Engl,  transl.  In:  Current~T>roblems  In  Space  Biology  and 
Medicine.  Arlington,  VA:  Joint  Publications  Research  Service,  iy/2,  pp. 
79-80.T 


1327. 

Narinskala,  A.  L.  Study  of  psychic  performance  during  modification  of  the 
dally  schedule.  In:  Aktualryye  Vcprosy  Kosmicheskoy  Blologll  1 Meditsiny, 
Moscow,  1971,  pp.  199-200.  (Engl,  transl.  In:  current  Problems  in  ^pace 
Biology  and  Medicine,  Arlington,  Va. : Joint  Publications  Research  Service, 
19^,  pp'.  7/-7B.) 

The  results  of  a study  on  Individual  characteristics  of  the 
dynamics  of  psychic  performance  during  man's  adaptation  to  an  unusual 
work  and  rest  schedule  are  presented.  Two  pairs  of  subjects  were 
selected  from  two  groups  segregated  during  an  experiment  with  72-hour 
sleeplessness.  Both  pairs  of  subjects  were  exposed  successively  to 
two  45-day  experiments  In  an  Isolation  chamber.  During  the  first 
stage  of  the  45-day  experiments  the  dynamics  of  performance  was 
studied  for  a normal  dally  regime.  On  the  11th  day  there  was  an 
Inversion  of  the  dally  schedule:  a shift  by  12  hours.  After  the 

shift  psychic  performance  was  studied  using  the  same  psychological 
methods.  The  results  of  the  study  Indicate  an  Individual  character  of 
the  process  of  adaptation  to  a new  regime.  The  decrease  In  the 
Indices  of  psychic  performance  for  the  more  rhythmic  subjects  was 
greater  than  for  less  rhythmic  subjects. 

1328. 

Narinskala,  A.  L.  Diurnal  dynamics  of  psychic  performance  during  72-hour 
continuous  wakefulness.  Kosm.  Biol.  Med.  6(6):  64-69,  1972. 
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An  Investigation  was  made  of  psychic  performance  during  a 72  hour 
period  of  continuous  wakefulness.  Experiments  were  made  using  male 
subjects  In  the  age  group  from  25  to  36  years.  Tests  cover  (1) 
reproduction  of  a text  (cognitlonal  voluntary  memory),  (2)  coiipllcated 
conversion  of  figures  Into  letters,  (3)  addition  of  numbers  with 
switching,  (4)  making  corrections,  and  (5)  number  and  letter 
combinations  (capacity  for  working  when  a time  deficit  prevails).  The 
collected  data  Indicate  that  performance  levels  for  all  methods  during 
the  72  hour  period  decreased  In  all  subjects.  Data  also  show  a 
deterioration  In  the  productivity  of  mental  performance,  concentration 
and  stability  of  attention,  a slowness  In  mental  processes,  and 
difficulties  In  working  when  there  was  a deficit. 

1329. 

Narinskala,  A.  L.  Dynamics  of  the  human  mental  work  capacity  during  some 
activity  regimes.  In:  Optimization  of  the  Professional  Activity  oi  a 
Cosmonaut.  Moscow:  Izdatel ' stvo  Nau]^,  1^77,  pp.  109-12^ 

Experimental  studies  of  the  dynamics  and  characteristics  of  human 
mental  work  capacity  during  some  activity  regimes  are  described.  The 
regimes  were:  72  hours  awake;  45  days  with  the  dally  sleep-wakefulness 
rhythm  reversed  (that  Is,  shifted  by  12  hours);  25  days  with  72  hour 
periods  of  wakefulness  as  well  as  reversal  of  the  dally 
sleep-wakefulness  rhythm;  and  16  hour  diurnal  periods.  The 
possibility  of  restructuring  the  diurnal  dynamics  of  some  mental 
functions  was  demonstrated,  and  Indices  of  mental  work  capacity  were 
used  to  determine  the  adaptation  period  to  new  diurnal  regimes. 

1330. 

Natal  Ini,  J.  J.  The  human  body  as  a biological  clock.  An  overview  of 
biorhythms  and  how  they  affect  us.  £.  Nurs.  77:  1130-1132,  1977. 

1331. 

Naunton,  E.  Are  emotional  ups  and  downs  set  at  birth?  Philadelphia  Enquirer, 
June  6,  1974. 

1332. 

Naunton,  E.  Biorhythm  may  let  you  have  a happy  dey.  The  Miami  Herald,  June 
2,  1974. 

1333. 

Nell,  0.  E.  Biorhythms  and  Industrial  accidents.  Paper  presented  at  the 
National  Safety  Congress,  Chicago,  1974. 

1334. 

Nell,  D.  E,  Reply  to  letter  of  A,  Ahlgren.  Aviat.  Space  Environ.  Med.  48: 
678,  1977. 

A rebuttal  to  the  letter  of  A.  Ahlgren  (Aviat.  Space  Environ. 

Med.,  p.  678,  1977)  Is  presented.  The  author  believes  that 
“biorhythm”  Is  a worthwile  area  of  study  due  to  Its  popular  Impact  and 


373 


that  attempts  to  limit  research  In  this  area  are  as  nonobjective  as 
are  the  biorhythm  proponents. 

1335. 

Nell,  D.  E.,  L.  J,  Glannotti,  and  T.  A.  Wyatt.  Statistical  Analysis  of  the 

Theory  of  "Biorhythms".  Monterey,  Ca.:  Naval  Postgraduate  scnooi,  unpuoilshed 

Report,^6  pp. 

The  contents  of  this  report  are  essentially  covered  In  the  thesis 
by  L.  J.  Glannotti  (A  Statistical  Evaluation  of  the  Theory  of 
Biorhythms,  M.  S.  thesis,  Naval  Postgraduate  School,  Monterey,  Ca., 

Report  No.  N75-19090,  1974,  75  pp.) 

1336. 

Nell,  0.  E. , and  S.  0.  Parsons.  Biorhythms  - Possible  Application  to  Flight 

Safety.  Paper  presented  at  the  Int.  Air  Transport  Assoc.,  Twentieth  Techn. 

Conf.,  Safety  In  Flight  Operations,  Istanbul,  1975,  14  pp. 

In  this  review  article  on  the  application  of  the  biorhythm  theory 
to  flight  safety  the  authors  discuss  results  of  studies  performed  on 
biorhythm  and  performance  at  the  Naval  Postgraduate  School,  Monterey, 

Ca.  (for  further  information  see:  Cobb  1975,  Mosier  1974,  Gianotti 

1974,  Sacher  1974  and  Sink  1974).  Also  cited  is  a study  of  127 
randomly  selected  industrial  accidents  from  a major  aircraft 
maintenance  facility  in  which  the  authors  claim  a statistically 
significant  relationship  between  accidents  and  the  physical  and 
emotional  biorhythm  cycles  was  observed.  The  occurrence  of  accidents 
on  biorhythm  critical  days  was  mean  * std.  deviation  above 
expected  frequencies.  The  authors  view  biorhythm  theory  not  as  a 
predictive  factor  but  as  one  of  many  variables  contributing  to  day  to 
day  variation  in  human  functioning.  Biorhythm  cycles  represent  a 
predisposing  factor  which  contributes  to  limitation  of  an  individuals 
capacity  In  the  same  way  as  fatigue,  motivation  or  circadian  effects. 

They  suggest  further  studies  be  made  on  the  biorhythm-performance 
relationship  including  flight  simulator  studies  using  Fourier  analysis 
for  rhythm  periodicities  and  accident  studies  in  which  near-accidents 
and  Incidents  related  to  unsafe  performance  are  Included  in  the 
accident  data  base.  They  suggest  providing  pilots  with  biorhythm 
cycle  printouts  and  including  biorhythm  application  to  accident 
reduction  In  safety  meetings,  as  well  as  the  use  of  biorhythm  theory 
for  pilot  work  scheduling. 


1337. 

Neil,  0.  E.,  and  F.  L.  Sink.  Laboratory  investigation  of  "biorhythms". 

Aviat.  Space  Environ.  Med.  47:  425-429,  1976. 

Three  male  students  were  tested  on  an  information  processing  task 
on  a daily  basis  for  a period  of  70  days.  Performance  measurements 
included  reaction  time,  movement  time,  and  information  processing 
rates.  Data  were  subjected  to  Fast  Fourier  Transforms  to  Identify 
periodicities  1"  performance.  Statistically  significant  periods  were 
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found  only  In  subjects  2 (11  and  5 days)  and  subject  3 (14.8  and  35 
days)  for  reaction  time.  Significant  movement  time  periods  were  found 
In  subject  1 (30  days),  subject  2 (11.4)  and  subject  3 (11.8  and  16.25 
dAys).  Information  processing  rate  significant  periods  were  found  In 
subject  1 (29  days),  subject  2 (11  days)  and  subject  3 (11.5  and  16 
days).  Of  the  12  significant  harmonics,  9 occurred  within  1 day  of 
the  postulated  23,  28,  or  33  day  biorhythm  cycles.  The  probability  of 
this  occurring  by  chance  Is  less  than  .04.  The  lack  of  exact 
correspondence  to  biorhythm  periods,  required  by  the  biorhythm  theory 
of  cycle  Invariance  Is  explained  by  the  effect  Increased  effort  on  tne 
part  of  the  subject,  which  "masks"  the  biorhythm  Influence.  The 
authors  conclude  that  the  results  suggest  biorhythm  cycle  contribution 
to  performance.  However,  their  Justification  for  deviation  of 
performance  periods  from  biorhythm  cycle  periods  could  be  used  to 
Justify  any  deviation  of  biological  periods  from  predicted  biorhythm 
cycles,  thus  making  Impossible  to  test  the  constancy  of  the  biorhythm 
cycles.  This  paper  Is  one  of  very  few  to  utilize  time  series  analysis 
and  therefore  the  periods  obtained  are  Independent  of  a biorhythm 
cycle  assumption  (assuming  subjects  are  naive  with  respect  to  the 
biorhythm  theory).  Therefore  It  Is  not  necessary  to  assume  that  the 
periods  found  represent  biorhythm  Influences,  It  could  be  assumed 
that  they  represent  true  biological  nf radian  or  low-frequency 
oscillations,  which  have  been  found  In  many  physiological  paramenters. 
Independent  of  a biorhythm  cycle  assumption.  The  significance  of  the 
Identity  of  the  performance  periodicities  with  biorhythm  cycles  Is 
limited  by  the  use  of  only  3 subjects,  A published  critique  of  this 
paper  Is  available  (Ahlgren,  A.  1974  Int.  J.»  Chronoblol.  2;  107-109). 

1338. 

Nelson,  E.  New  facts  on  biorhythms.  Science  Digest  79:  70-75,  1976. 

The  author  provides  a skeptical  review  of  claims  by  biorhythm 
proponents  that  the  method  can  be  used  to  lower  Industrial  accident 
rates.  He  Indicates  that  reports  of  high  accident  rates  on  critical 
days  (e.  g.,  Sanhelm  reported  40%  of  accidents  occurring  on  critical 
days)  often  reflect  small  san^jle  size  and  that  larger  scale  studies, 
such  as  the  Canadian  Workmans  Compensation  Board  analysis  of  13000 
accidents,  did  not  find  significantly  high  accident  Incidence  on 
critical  days.  He  quotes  a study  by  B.  L.  Newcomb  a New  Jersey 
engineer,  who  found  only  small  differences  In  accident  rates  between  a 
control  group,  a group  of  workers  warned  about  critical  days,  and 
another  group  warned  about  critical  days  but  given  erroneous 
Inforrmatlon.  He  also  quotes  a study  by  S,  Keddle,  a Stockton,  CA 
science  teacher  whose  students  charted  150  self-caused  auto  accidents 
and  found  no  significant  correlation  of  accidents  with  biorhythm 
critical  days.  He  also  quotes  safety  professional  criticizing  6. 
Thommens  methodology  of  only  using  "self-caused"  accidents  In 
biorhythm  studies  as  possibly  biasing  the  sair?)les. 
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1339. 

Nelson,  W.,  et  al.  Survival  of  liranunocytoma-bearing  rats  affected  by  meal- 
feedlng  and  timing  of  adriamycin  treatment.  Chronoblologla  2 Suppl.  1:  51, 
1975.  

1340. 

Nelson,  W.,  and  F.  Hal  berg.  Effects  of  a synchronizer  phase-shift  on 
circadian  rhythms  In  resoonse  of  mice  to  ethanol  or  ouabain.  Space  Life  Scl. 
4:  249-257,  1973. 

The  percentage  of  mice  dying  from  a toxic  dose  of  ethanol  of 
ouabain  was  determined  a 4-hour  Intervals  during  the  first  3 days 
after  Inversion  of  an  LO  (23:12)  lighting  regimen.  In  comparison  to 
unstated  control  animals  at  similar  stages  of  the  synchroniser 
schedule,  spans  of  relative  advantage  alternated  with  spans  of 
relative  disadvantage  due  to  a gradual  phase-shift  of  the  circadian 
susceptibility  rhythm.  Overall  mortality,  determined  for  an  Integral 
number  of  days,  was  not  obviously  affected  by  the  regimen-shift. 

1341. 

Nelson,  W.,  G.  Nichols,  F.  Halberg,  and  G.  Kottke.  Interacting  effects  of 
lighting  (LD  12:12)  and  restricted  feeding  (4  h/24  h)  on  circadian  tenperature 
rhythm  of  mice  (abstract).  Int.  £.  Chronoblol.  1:  347,  1973. 

1342. 

Nelson,  W.,  L.  Scheving,  and  F.  Halberg.  Circadian  rhythms  In  mice  fed  a 
single  dally  meal  at  different  stages  of  lighting  regimen.  J.  Nutr.  105: 
171-184,  1975.  

Circadian  rhythms  In  systemic  and  cellular  variables  were  studied 
In  three  groups  of  mice  on  different  schedules  of  dally  food 
accessibility:  (1)  only  during  the  first  4 hours  of  the  12-hour  light 
span;  (2)  only  during  the  first  4 hours  of  the  12-hour  dark  span;  and 
(3)  at  all  times.  The  amplitudes  of  circadian  variation  In  rectal 
temperature,  serum  corticosterone,  and  liver  glycogen  were  Increased 
by  "meal -feeding"  In  either  early  light  or  early  darkness.  The 
overall  averages  of  corticosterone  and  glycogen  were  also  Increased  by 
meal -feeding  at  either  stage  of  the  lighting  regimen.  The  times  of 
peak  values  In  temperature,  corticosterone,  and  glycogen  were 
determined  by  the  time  of  food  presentation,  regardless  of  Its 
relation  to  the  lighting  regimen.  On  the  other  hand,  the  Interval 
between  food  presentation  and  peak  values  In  the  corneal  mitotic  Index 
was  greater  when  feeding  was  restricted  to  early  light.  Mice  fed  In 
early  light  also  weighed  more  and  exhibited  more  Irregular  circadian 
variation  In  temperature,  corticosterone,  and  mitotic  Index 
than  did  mice  fed  In  early  darkness.  These  differences  among  the 
three  groups  of  animals  resulted  In  different  relations  among 
variables  at  any  given  Interval  after  feeding  onset.  Such  effects 
concerning  total  bodily  function,  energy  storage,  hormonal 
regulation,  and  basic  cellular  processes  indicate  the  pertinence  of 
meal  timing  to  nutritional  research  and  practice. 
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1343. 

Nett,  0.  M.  A Study  of  the  Relationship  of  Biorhythms  to  Accidents  at  Two  AHC 
InstailatlonsT  U.XTriiQf  Material  toniman? Neporl.  0sAHCr-iTt-d2-dB-75‘-414, 
TTTSTTTppr* 

This  report  presents  a review  of  both  biorhythm  theory  and 
biological  rhythm  literature.  A sample  of  200  accidents  each  from  the 
Rock  Island  Arsenal  (RIA)  and  Lone  Star  Arniy  Ammunition  Plant  were 
analyzed  with  respect  to  frequency  of  occurrence  of  blorhythym  cycle 
critical  days  using  a binomial  model.  A significant  level  of  accident 
occurrence  for  the  Intellectual  biorhythm  cycle-LSAAP  data  was  found. 

There  were  no  other  statistically  significant  relationships 
demonstrated  between  biorhythm  cycles  and  accidents.  The  author 
suggests  that  the  LSAAP  workers,  under  higher  stress  levels  than  the 
RIA  workers,  may  have  been  more  susceptible  to  critical  days.  Most 
critical  day  accidents  occurred  when  the  other  2 cycles  were  out  of 
phase.  No  sex  differences  were  found  In  critical  day  accident  levels. 

A circadian,  but  not  seasonal  effect  was  observed  In  accident  times  of 
occurrence.  The  author  concludes  that  the  suggestion  of  biorhythm- 
accident  correlation,  along  with  the  monetary  loss  due  to  accidents  at 
these  facilities.  Justifies  further  study.  It  should  be  noted  that 
biorhythm  theory  predicts  that  correlation  between  accidents  and 
critical  days  should  be  higher  for  the  physical  and  emotional  cycles 
than  for  the  Intellectual  cycle* 

1344. 

Newcoot),  B.  L.  Biorhythm.  Paper  presented  at  the  meeting  of  the  Greater  New 
York  Safety  Convention,  New  York,  1970* 

A study  at  National  Lead  Co.  tracked  the  accident  rates  of  two 
experimental  groups  which  were  given  accurate  biorhythm  critical  day 
Information,  and  a control  group  which  was  given  false, 
randomly-assigned  critical  day  Information.  The  results  showed  a 
small  decrease  In  the  accident  rates  for  the  two  experimental  groups. 
During  the  same  period,  the  control  group  experienced  an  Increased 
accident  rate  which  paralleled  a plant-wide  Increase  In  the  accident 
rate. 

1345. 

Nicasslo,  P.,  and  R.  Bootzin.  A comparison  of  progressive  relaxation  and 
autogenic  training  as  treatments  for  Insomnia.  In:  Blof^back  and 
Self-control,  edited  by  L.  V.  DICara,  et  a1.  Chicagol  At  dine  i*uFTr  Co., 

19M,  pp.  4&7 -493 . 

Two  relaxation  techniques,  progressive  relaxation  and  autogenic 
training,  were  evaluated  as  treatments  for  Insomnia.  No-treatment,  a 
baseline  control  group,  and  a self-relaxation  group  designed  to 
control  for  nonspecific  therapeutic  elements  were  employed.  Subjects 
were  30  adult  Insomniacs  who  had  chronic  and  severe  difficulties  In 
falling  asleep.  As  Indicated  by  global  measures  of  Improvement  and  by 
reduction  In  time  to  fall  asleep,  progressive  relaxation  and  autogenic 
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training  were  equally  effective  as  treatments  and  superior  to  both 
control  groups*  At  a six-nonth  foil  on-up,  treatment  gains  had  been 
maintained  In  time  to  fall  aslqpp  but  not  In  self-reported  global 
Improvement,  tdille  control  subjects  shotfed  no  spontaneous  Improvement 
on  qlther  of  the  measures. 

1346. 

Nicholson,  A.  N.  Influence  of  duty  hqurs  on  sleep  patterns  In  aircrew 
operatlno  In  the  long  haul  transport  role*  A study  of  single  crew  operations 
and  double  crew  continuous  flying  operations.  In:  Rest  and  Activity  Cycles 
for  the  Haintenance  of  Efficiency  of  Personnel  Concerned  with  HIHEary  Plight 
Operations,  edued  hy  A.  a.  |enson.  lleulliy-sur-seine:  HATo,  Advisory  t>r oup 
for  Aerospace  Research  Development,  AGRRD-CP-74,  1970,  pp.  7-1  - 7-9. 

1347. 

Nicholson,  A*  N.  IIIIHary  implications  of  sleep  patterns  In  transport 
aircrew*  Proc.  Roy.  $oc.  Ned.  63:  670-572,  1970. 

1348. 

Nicholson,  A*  N.  Sleep  patterns  of  an  airline  pilot  operating  world  wide 
east-west  routes*  Aeroso.  Med.  41:  626-632,  1970. 

1349. 

Nicholson,  A.  N*  Duty  hours  and  sleep  patterns  In  transport  aircrew  operating 
long  haul  routes.  Aeroso.  Med.  Assoc*.  Pr^rlnts,  1971,  pp.  101-102. 

1350. 

Nicholson,  A.  N.  Physiological  considerations  of  disturbed  sleep-wakefulness 
cycles  In  the  aerospace  environment.  In:  Man  In  Space,  edited  by  0.  G. 
Gazenko  aod  K*  H*  Byurstedta*  (Proc.  of  the  4tF”symp.  on  basic  environmental 
problems  of  man  In  Space).  Moscow:  Erevin,  1971,  4th  ed.,  pp*  285-298. 

Difficulties  In  obtaining  satisfactory  sleep  have  been  encountered 
during  man  space  missions  and  It  Is  generally  recognized  that  an 
appropriate  rest  and  activity  pattern  Is  essential  to  maintain  the 
we11-be1^  and  operational  effectiveness  of  spacecrews.  During  earth 
orbital  flights  and  lunar  explorations  satisfactory  sleep  Is  more 
likely  If  the  crews  maintain  a reasonable  relation  with  their  normal 
terrestrial  rhythm  but  many  missions  have  required  unusual  patterns 
of  activity.  In  the  future  prolonged  extraterrestrial  flights  may 
also  demand  that  the  sequence  of  work  and  rest  be  subordinated  to 
operational  requirements  and  under  these  circumstances  work  and  rest 
regimes  developed  under  earth  conditions  may  be  of  little  use. 

Irregular  duty  periods  superimposed  upon  dally  cycles  of  varying 
duration  are  experienced  by  long  haul  transport  aircrew  and  an 
analysis  of  these  schedules  hes  suggested  that  Irregular  patterns  of 
rest  are  compatible  with  a satisfactory  sleep  pattern  as  long  as  the 
workload  Is  defined.  It  Is  considered  that  a similar  relationship 
could  be  established  for  prolonged  spaceflights  and  In  this  context 
the  sleep  patterns  of  an  airline  pilot  operating  world-wide  schedules 
have  been  exemlned  end  relevant  recent  work  on  modified  sleep  regimes 
discussed. 
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It  Is  concluded  that  Irregular  schedules  of  work  during  space 
■Isslons  may  be  feasible  but  that  further  study  Is  needed  of  the 
nature  of  sleep  In  a disturbed  rest-activity  environment.  Techniques 
to  assist  min  In  adapting  to  new  work  schedules,  such 
as  pharmacological  control  of  sleep  and  wakefulness  without 
undesirable  side  effects  on  perfonimnce,  should  also  be  examined* 

1351. 

Nicholson,  A.  N.  Duty  hour  and  sleep  patterns  In  aircrew  operating  world-wide 
routes.  Aerosp.  Ned.  43:  138-141,  1972. 

1352. 

Nicholson,  A.  N.  Rest  and  activity  patterns  for  prolonged  extraterrestrial 
missions.  Aerosp.  Med*  43:  253-257,  1972* 

1353. 

Nicholson.  A.  N.  Sleep  patterns  In  the  aerospace  environment.  Proc.  Roy. 

Soc.  Med.  65:  192-143,  1972.  

1354. 

Nicholson,  A.  N.  Physiological  and  pharmacological  studies  related  to  the  work 
of  airline  pilots*  Proc.  Roy.  Soc*  Med.  67:  27-28,  1974. 

1355. 

Nicholson,  A.  N.  Residual  effects  of  hypnotics  on  human  performance* 

Aerospace  Med.  Assoc..  Preprints,  1975,  pp.  97-98. 


The  use  of  hypnotics  by  persons  Involved  In  skilled  activity 
presents  several  problems,  and  particularly  In  the  case  of  aircrew.  It 
Is  essential  to  consider  the  residual  effects  which  such  drugs  may 
have  on  performance.  The  present  communication  Is  concerned  with 
human  performance  after  Ingestion  of  the  normal  maximum  therapeutic 
dose  of  several  hypnotics.  Though  It  Is  appreciated  that  laboratory 
tests  may  not  reflect  accurately  performance  on  the  flying  task, 
never-the-less  an  experimental  approach  provides  a means  qy  which 
comparisons  of  drug  effects  can  be  made.  In  this  way  It  may  be 
possible  to  select  hypnotics  which  are  least  likely  to  lapalr 
performance  during  the  subsequent  working  day. 

1356. 

Nicholson,  A.  N.  Performance  and  1o|»a1red  performance.  Brit.  Clin. 

Pharmacol.  3-4:  521-522,  1976. 

1357. 

Nicholson,  A.  N.  Residual  effects  of  hypnotics.  In:  AGARD  4th  Advanced 

Operational  Aviation  Med.  Course.  Fambourough,  England:  Royal  Air  Force 

Inst*  of  Aviation  Nedcine,  1976,  8 pp* 


379 


The  residual  effects  of  hypnotic  drugs  after  their  therapeutic 
purpose  Is  fulfilled  was  considered.  Test  subject  motor  skills  were 
examined  for  residual  effects  using  a method  of  adaptive  tracking. 

1358. 

Nicholson,  A.  N.  Irregular  work  and  rest.  In:  Aviation  Medicine.  Physiology 
and  Human  Factors,  edited  by  G.  Dhenin  and  J.  Ernstling.  London:  Tri-Med 
^ks,  1^78,  pp.  t94-503. 

1359. 

Nicholson,  A.  N.  Differential  effects  of  the  1,4-  and  1,5*  benzodiazepines  on 
performance  In  healthy  man.  Clin.  Pharmacol.  Suppl.  1:  83S-84S,  1979. 

1360. 

Nicholson,  A.  N.  Performance  studies  with  diazepam  and  Its  hydroxylated 
metabolites.  Br,.  Clin.  Pharmacol . 8:  39S-42S,  1979. 

1361. 

Nicholson,  A.  N.,  R.  G.  Borland,  C.  H.  Clarke,  B.  N.  Stone.  Experimental 
basis  for  the  use  of  hypnotics  by  aerospace  crews.  In:  Recent  Advances  j£ 
Space  Medicine.  Neullly  - sur-  Seine:  NATO,  Advisory  Croup  for  Aerospace 
Research  and  Development,  AGARO,  1977,  11  pp. 

The  work  which  was  carried  out  at  the  Royal  Air  Force  Institute  of 
Aviation  Medicine  on  the  Immediate  and  residual  effects  of  hypnotics 
on  performance,  the  effectiveness  of  hypnotics,  and  the  problems 
associated  with  the  use  of  hypnotics  at  unusual  times  of  the  day  Is 
reviewed. 

1362. 

Nicholson,  A.  N. , R.  G.  Borland,  and  C.  M.  Stone.  Hypnotics  and  the 
management  of  disturbed  sleep.  In:  Sleep,  Wakefulness  and  Circadian  Rhythm. 
Neuilly-sur-Seine:  NATO,  Advisory  Group  tor  Aerospace  Research  and 
Development,  AGARO-LS-  105,  1979,  pp.  A12-1  - A12-11. 

1363. 

Nicholson.  N.,  P.  Jackson,  and  G.  Howes.  Shiftwork  and  absence:  an  analysis 
of  temporal  trends.  Occup.  Psychol . 51:  127-137,  1978. 

In  the  literature  on  shiftwork  there  are  many  studies  describing 
Interesting  and  complex  temporal  variations  In  employee  absence 
behaviour,  though  none  have  had  the  opportunity  to  unravel  the 
Independent  effects  of  shift-turn  (mornings,  afternoons,  and  nights) 
days  of  the  week  (Sunday  to  Saturday),  and  position  In  the  shift  cycle 
(start,  middle  and  end  cycle).  The  Independent  effects  of  these 
variables  and  their  Interactions  were  the  focus  of  a study  of  250  male 
steelworkers  on  the  6-on  2-off  Metropolitan  shift  system,  with 
certified  and  uncertified  absence  as  the  two  dependent  variables.  The 
results  were  consistent  with  the  study  hypotheses,  showing  strong  main 
effects  for  each  of  the  three  Independent  variables  and  complex 
Interaction  effects,  all  In  relation  to  uncertified  absence  only. 

These  findings  are  discussed  In  terms  of  the  fresh  light  they  shed  on 
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nultlple  causes  of  absence  and  the  problem  associated  with  long 
cycle,  shift  system.  They  diso  Indicate:  that  studies  of  tewporal 
variations,  In  the  absence  rates  of  shiftworkers  should  attenot  to 
Iryestlgate  further,  or  at  least  take  som  account  of  shift  cycle 
position,  a powerful  but  neglected  Influence  on  absence. 

1364. 

Nicholson,  A.  N.,  and  C.  N.  Wright.  Use  of  hypnotics  by  aircrew.  1: 
Operational  considerations  and  experimental  studies*  In:  The  Use  of 
^d1 cation  and  Drugs  In  Flying  Personnel . Meu  1 1 ly-sur-Sel nel  Wmi,”Tdv1  sory 
Group  for  Aerospace  Research  end  Development,  AfiARO,  1973,  S pp. 

The  residual  effects  of  hypnotic  drugs  for  normalizing  aircrew 
sleeping  patterns  on  human  nervous  function  and  performance  are 
studied.  Delayed  matching-to-sample  tests  on  monkeys  show  that 
barbiturates  do  ot  affect  match1ng-to*st1mu11  time:  but  some 
benzodiazepines  Increase  response  times  up  to  6 hrs  after 
administration. 


1365. 

Nikollc,  Z.  Mlloski  Rltmovl  Coveka  (Human  biological  rhythms).  Ergonomija  6: 

11-19,  1979.  

Rhythmicity  oscillating  within  a mean  value  Is  manifested  In  many 
functions  of  the  protoplasm  of  every  living  cell.  Rhythms  completed 
In  24-hour  cycles  are  called  circadian,  whereas  those  with  periodicity 
shorter  than  24  hours  are  called  Inf radian.  It  Is  generally  accepted 
that  eucaryotic  organisms  possess  diurnal  rhythm.  Man  Is  capable  of 
measuring  time  physiologically  even  In  the  absence  of  any  external 
tim  Indicators.  Circadian  variations  have  been  found  In  the 
functioning  of  all  systems  of  the  human  organism.  Mild  depression  In 
respiratory  functions,  lower  resting  and  working  heart  rate, 
diminished  blood  flow,  as  well  as  decreased  physical  and  mental 
performnce,  exist  with  the  majority  of  people  during  night  hours. 

The  activity  of  the  adrenal  glands  Is  circadian  with  Its  maximum  level 
In  the  late  morning  and  afternoon  hours  and  Its  minimum  In  the  early 
morning  hours,  both  during  rest  and  physical  exertion.  On  the  other 
hand,  the  ability  of  blood  to  bind  oxygen  and  the  concentration  of 
noradrenaline  In  the  cerebrospi nal  fluid  are  at  their  minimum  levels 
In  the  mornings  and  at  the  maximum  In  the  afternoons.  Body 
tecverature  behaves  similarly,  1.  e.  Its  maximum  Is  In  the 
late-evening  hours  and  mlnumum  In  the  early  morning  hours.  In  the 
cases  of  prolonged  Isolation  In  caves  or  specially  prepared  rooms,  the 
duration  of  certain  functions  tends  to  either  exceed  or  become  shorter 
than  24  hours,  and  free-running  rhythms  are  established.  It  has  been 
established  that  the  so-called  "day"  and  "night"  types  of  persons 
exist,  and  that  the  "night"  types  are  better  able  to  tolerate  the 
night-sleep  loss,  sleep  better  In  day*t1me,  compensate  for  sleep-loss, 
react  better  to  stresses  Involved  with  night-work  and  are  less 
vulnerable,  enabling  them  to  give  better  performance  and  to  adapt 
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themselves  to  night-wort.  With  the  majority  of  people  Cdty*  type) 
working  In  shifts,  catecholamine  concentrations  are  high  In  the 
day-time  and  low  at  night:  bo<1y -temperature  curve  Is  flattened  at 
night  with  lower  amplitudes,  which  Is  reflected  In  the  degree  of 
reactivity  of  the  organism.  Permanent  night-workers  are  adapted  to 
night-work,  and  manifest  high  catecholamine  and  bo<y-temperature 
values,  as  well  as  high  degree  of  general  bo<1y  activity,  at  night. 
The  circadian  system  activity  Is  of  an  endogenic  origin  and  almost 
every  cell  has  Its  own  biological  clock.  The  clock  Is  probably 
located  In  the  molecular  organization  of  every  living  cell,  and 
macro-oscillators,  the  oscillations  of  which  can  be  measured  are 
formed  through  synchronization  and  summation  of  micro-oscillators^ 


1366. 

Nlllus,  P. 
Souterraln 
T957: 


Etude  de  Quelgues  Consequences  Blophyslologiques  de  1* I solement 
de  ^ept~Jeunes  remmes  Blen  Porlantes.  <Ph.  u.  thesTsT.  rans, 


1367. 

Nilsson,  C.  The  psychological  and  social  consequences  of  the  scheduling  of 
working  hours  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work,  5th, 

Rouen,  FR.,  1980,  p.  VI II -8. 

1368. 

Niskanen,  P. , et  al.  Psychiatric  symptoms  In  the  shift  work  of  427  female 
office  workers.  Psych latr.  Fenn.,  pp.  369-376,  1974. 

1369. 

Nitsch,  J.  R.  Blorhythmus  and  Arbeit  (Biological  rhythm  and  work). 
Sicherheltsingenleur  3:  252-257,  1972. 

Human  physiological  and  mental  functions  vary  In  accordance  with  a 
distinctly  biphased  curve  which  peaks  cut  during  the  day  and  reaches 
Its  lowest  point  during  the  night.  Research  has  shown  that  sleep, 
work,  and  eating  do  not  significantly  effect  this  circadian  rhythm. 

The  effect  of  periodic  environmental  factors  and  the  biological  nature 
of  the  ciracdlan  rhythm  are  discussed.  The  second  part  of  this  stu<1y 
ddeals  with  the  practical  significance  of  circadian  functional 
variations  with  special  reference  to  appetite  for  work  and  circadian 
output  peaks.  A brief  reference  Is  made  to  conclusions  relating  to 
personnel  selection  and  work  organization. 

1370. 

Norton,  0.  L.  Spectral  analysis  of  hamster  motor  activity  under  different 
lighting  conditions  (abstract).  Fed.  Proc.  33:  369,  1974. 

Gross  motor  activity  rhythms  were  measured  with  a capacltatice  type 
activity  meter  from  hamsters  housed  Individually,  with  running  wheels, 
and  under  different  conditions  of  Illumination.  Animals  were 
entrained  10  days  In  a 12:12  photoperiod  followed  by  20  days  of 
constant  light  (U)  and  20  days  of  constant  dark  (00).  The  data 
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exhibits  clearer  sleep-wakefulness  rhythms  than  those  of  the  oerbll 
previously  reported*  Spectral  analytes  were  run  on  sequential  3 dsy 
data  segments*  Several  periodic  families  of  harmonics  were  revealed 
from  the  data  under  all  o lighting  condltlt'^s.  A circadian  period  of 
24*02  * 0*05  hours  and  Its  harmonics  dominated  the  spectrum  of  10 
entrained  animals*  both  In  amplitude  and  In  number  of  times  assessed* 

In  addition*  periods  of  approximately  25*6  and  22*5  hours  were  clearly 
demonstrable*  Spectral  analyses  were  examined  for  changes  In  the 
frequency  spectrum  of  the  significant  periodicities*  LL  and  DO 
animals  showed  fewer  harmonics  of  the  major  circadian  period* 

Lighting  regimes  did  not  appear  to  affect  the  period  lengths  of  the 
major  periodic  families*  However*  they  did  affect  the  number  of  times 
a particular  period  appeared*  Although  no  affect  of  lighting  on 
frequency  could  be  demonstrated*  changes  In  phase  angles  and  amplitude 
were  clearly  affected.  This  suggests  that  amplitude-phase  modulatloit 
rather  than  frequency  modulation  was  Influenced  by  lighting  status* 

1371* 

Horton*  0*  A*  Multiple  Circadian  Periodicities  In  Hamster  Motor  Activity  as 
Determined  by  Time  Series  Analysis.  (Ph*  d.  ThesTs).  Michigan  StalT 
DnlverW.  1^75,  175  pp*  

1372* 

Nunez.  A*  A*  Neural  Control  of  Circadian  Rhythms  and  Their  Entrainment  to  the 
Light-dark  Cycle,  (pn.  D.  thes1si«  nor1da  State~Dn1verslty.  1977,  pp* 
61ss*  AbsCr*  38:  4511-6*  1978* 

1373* 

Nurmlnen*  M*.  J*  Ilmarinen*  R*  llmarinen*  and  0.  Korhonen*  Application  of 
periodic  regression  analysis  to  a study  of  physiologic  functions  related  to 
physical  working  capacity  (abstract).  In:  Int*  Symp.  on  Night-  and 
Shift-work*  5th*  Rouen,  FR**  1980,  p*  1-5* 
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1374. 

Oat1c;y.  K.  Clrcadfan  rHythms  and  representations  of  the  environment  In 
motivational  systems*  In:  Motivational  Control  Systems  Analysis,  edited  by 
0.  J.  McFarland.  New  Yoric:  Academic  Press,  li/e,  pp. 

1375. 

0*Connor,  P.  J..  AVNCO  policy  on  sleep  In  aircrew.  Neuilly-sur-Seine:  NATO, 
Advisory  Group  for  Aerospace  Research  and  Development,  AGARO-CP-108,  1973,  2 

pp. 


The  role  of  the  aviation  medical  practitioner  In  relation  to 
aircrew  sleep  Is  to  Instruct  the  crews  In  how  to  anticipate  sleep 
requirements  and  the  best  physiological  weys  of  encouraging  adequate 
sleep.  Hypnotics  should  not  be  used  by  crews  to  get  sleep  as  they 
cause  decrement  In  performance  during  the  subsequent  dey* 

1376. 

O'Dell,  L.  Waking  hours  circadian  rhythmlclty  of  physiological  and  mental 

performance  measurements  of  morning  and  evening-alert  nursing  students.  01  ss. 

Abstr.  38;  66258,  1978. 

The  purpose  of  this  study  was  to  evaluate  the  waking  hours 
circadian  rhythmlclty  of  temperature,  pulse,  verbal  reasoning,  and 
perceptual  speed  self-measurements  taken  In  the  natural  environments 
of  female  nursing  students  classified  as  possessing  morning  or 
eveni ng-al ertness. 


1377. 

O'Donnell,  R.  D.  Secondary  task  assessment  of  cognitive  workload  In 
alternative  cockpit  configurations.  In:  Higher  Mental  Functioning  In 
Operational  Environynts,  edited  by  B.  0.  HartmanT  Reullly-sur-Selne:  NATO, 

Advisory  Group  for  Aerospace  Research  and  Development,  AGARD-CP-181,  pp.  ClO-1  -ClO-5. 

New  developments  In  cockpit  design  may  Introduce  significantly 
greater  cognitive  demand  on  the  crew  member.  Yet  few  measurement 
techniques  exist  which  are  able  to  provide  an  objective,  reliable 
estimate  of  the  workload  Introduced  by  these  new  systems.  New 
approaches  are  therefore  required.  In  a series  of  pilot  studies, 
traditional  secondary-task  reserve  capacity  concepts  were  modified  to 
be  used  at  sub-maximal  levels  of  workload.  A primary  f’<ght 
simulation  was  performed  simultaneously  with  the  Item  recognition  task 
proposed  hY  Sternberg.  This  task  was  chosen  because  the  Intercept  and 
slope  functions  of  the  memory-1 oad/reacti on  time  function  appear  to 
Independently  assess  cognitive  and  sensory-motor  workload.  Results 
Indicate  the  secondary  task  shows  reliable  and  consistent  changes  with 
variations  In  workload,  and  appears  promising  as  an  objective  measure 
of  higher  mental  functions.  Auditory  and  visual  versions  have  been 
constructed,  and  further  validation  studies  are  being  carried  out. 
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1378. 

O'Donnell*  R.  0.*  R.  Bollinger  and  B.  0.  Hartnan.  The  Effects  of  Ex^n^d 
Missions  on  the  Perfonaance  of  Airborne  Ceawand  and  Control  Tea«:  A Field 
^tudy«  UrTght«Patterson  afb  Utiio:  Aerospace  nedicai  Resdaren  Lab. 
Hij^R-74'fO.  1974.  33  pp. 

The  report  covers  the  effects  of  exten<ted  Mission  lengths  on  the 
perfomance  of  airborne  coamand  and  control  teaas,  idierein  coa|>1ex 
cognitive  coav>onents  consisting  prlautrlly  of  Infonaatlon  collection. 
Interpretation,  and  coaiun 'cation  constitute  the  bulk  of  the  tmrkload. 
The  survey  centers  on  Investigating  general  categories  of 
perfonaance -related  factors,  such  as  overall  fatigue,  rather  than 
specific  task  perfonaances  such  as  long- tens  aieanry,  sensory  nntor 
reaction,  tlaie  of  Infonaatlon  processing. 


1379. 

Oequist,  0.  Mapping  of  Individual  circadian  rhythn  (thesis).  Univ.  of 
Goeteborg,  1970,  128  pp. 

Fonaer  ax)de1s  about  the  fonaatlon  of  the  24  hour  rhytha  In  ann, 
anlauls  and  plants  are  reviewed,  according  to  which  It  Is  acquired, 
established  and  aalntalned  by  exogenic  periodicities.  The  present 
Investigation  aiaps  Individual  dally  rhythais  on  the  basis  of 
experience,  overt  behavior  and  perforaiance  at  various  tiaes  of  day< 

A group  of  85  Individuals  were  tested  by  a«ans  of  questionnaires,  and 
several  control  groups  were  Included.  The  persons  were  divided  into 
two  extreaw  groups  - the  morning  group  and  the  evening  group  which 
were  annitored  for  a aionth  (diary /•  From  each  group,  five  individuals 
were  subjected  to  performance  measurements  at  two  time  during  the  d^y* 
It  Is  concluded  that  Individual  dally  rhythms  are  a fundamenUl 
characteristic  which  are  affected  only  slightly  by  external  life 
routine,  are  associated  with  schizothymia  cyclothyaria,  are  coupled 
with  age  and  affect  performance  at  different  times  of  the  dqy. 

1380. 

Oginski  A.,  L.  Kozlakowska-Swigon,  and  J.  Pokorskl.  Diurnal  and  seasonal 
variations  In  Industrial  fatigue  of  shift  workers.  Proc.  Congr.  Int. 
Ergonomics  Assoc. . 6th.  The  Human  Factors  Society*  Santa  Monica,  OTT 1976, 
ppTS^BZ 

The  Interview  was  carried  out  with  1664  steelworkers  In  the  aim  of 
obtaining  their  opinion  on  subjective  fatigue  accompanying  the  work  on 
morning,  afternoon  and  night  shifts.  Harm  and  cold  seasons  of  the 
year  were  treated  separately.  Continuous  wotk  observations  and 
telemetric  heart  rate  registration  wev'e  conducted  at  some  workplaces. 
Analysis  of  results  exhibited  a great  differentiation  of  fatigue 
estimation  on  particular  shifts.  Infuence  of  the  seasonal  factor  was 
found  to  be  very  Important  both  In  the  reported  feeling  of  fatigue  as 
In  changes  of  the  pulse  rate.  Conclusions  concern  the  ergonomic 
approach  to  fatigue  problems  In  shift  work. 
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1381. 

Oginski,  A.,  L.  Swigon,  and  J.  Pokorakl.  Dfumal  and  seasonal  variations  In 
Industrial  fatigue  of  shift  woricers.  Ergonomics  19;  391,  1976. 

1382. 

Ogle,  J.  Facts  on  sleep.  Vogue  169:  548-553,  1979. 

1383. 

Ogllvie,  R. , and  S.  Segalowitz.  The  effect  of  20%  sleep  reduction  upon  mood, 
learning  and  performance  measures.  Sleep  Res.  4:  242,  1975. 

1384. 

O'Hanlon,  J.  F.  Some  observations  from  a literature  review  to  anticipate 
biological  problems  that  might  arise  In  sustained  and  continuous  operation. 
Conf.  on  Military  Requirements  for  Research  on  Continuous  Operations  (Human 
Engineering  Labs.),  Lubbock,  TX.,  1971,  pp.  116-132. 

1385. 

OJanlatva,  A.  T.  T.  The  Relationship  Bette^en  Record  Setting  Athletic 
Performance  and  Biorhythms  (Ph.  0.  thesis).  Southern  Illinois  University 
Carbondale,  1978. 

To  test  the  hypothesis  that  setting  of  university  records  In 
objectively  measureable  performances  In  track  and  swimming  exceeds 
normal  probability  during  positive  biorhythm  phases,  the  author 
studied  record  performances  by  127  track  and  field  athletes  and  82 
swimmers.  Chi  square  analysis  revealed  no  relationship  between 
biorhythm  positive  phases  and  record  performances.  The  author 
concludes  that  biorhythms  should  not  be  used  as  performance  predictors 
until  further  evidence  of  their  Influences  Is  obtained  and  recommends 
further  stu^.  Multiple  regression  analysis  and  further  analysis  of 
biorhythm  performance  relationships  with  respect  to  biorhythm  cycle 
low  phases  and  critical  days  should  have  been  performed.  Gittelson 
(Biorhythm  Sports  Fo»*ecast1ng,  Arco,  New  York,  1977)  claims  that 
outstanding  sports  performance  may  be  significantly  high  on  biorhythm 
critical  days. 

1386. 

Okimura,  Y.  and  K.  Tatal.  Biorhythm  for  Mother  and  Child.  Sankoshobo,  Osaka, 
1974.  (Cited  In  i Tatal  1977  Biorhyl^  For  MeaTCIf  Design,  Japan  Pub.,  pp. 
1118-123). 

The  author  recommends  educational  and  safety  programs  for 
children,  based  upon  the  physical  and  emotional  biorhythm  cycles,  but 
not  the  Intellectual  cycle,  which  Is  not  manifested  In  children. 

Parents  should  use  biorhythm  theory  to  direct  the  activities  of  their 
children. 
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1387. 

Oleron,  G.,  P.  Fra1sse»  N.  Zulll,  and  N.  Siffre.  The  effects  of  variations  In 
the  sleep-wakefulness  cycle  during  a 'time  - Isolation*  experiment  on  reaction 
time  and  spontaneous  tempo.  In:  Aspects  of  Human  Efficiency:  Diurnal 
Rhythm  and  Loss  of  Sleep  (Proc.  of  a Symp. . Strasbourg,  FR./970),  edited  by 
W.  P.  Colquhoun.  London:  English  Universities  Press,  1972,  pp.  171-176* 

Variations  In  the  sleep-wakefulness  cycle  were  studied  In  an 
experiment  with  a subject  (aged  24)  who  lived  174  dqys  In  a cave  at 
a depth  of  70  m.  without  any  time  reference,  and  was  free  to  arrange 
his  own  sequence  of  work,  rest,  food  Intake,  and  leisure.  The  effects 
of  these  variations  on  reaction  time  and  spontaneous  tempo  show  that 
the  rhythm  toward  which  an  Individual  tends  during  a prolonged  'time 
Isolation*  experiment  Is  a circadian  one. 

1388. 

O'Neil,  B.,  and  R.  Philips.  B1o;%thre:  How  to  Live  with  your  Life  Cycles* 
Pasadena:  Ward  Ritchie  Press,  x97o,  izO  pp. 

This  book  presents  an  Introduction  to  biorhythms  and  how  they 
affect  personal  physical  and  emotional  characteristics.  Sample 
biorhythm  charts  are  presented,  along  with  charting  Instructions  and 
suggestions  for  coping  with  dally  problems  using  biorhythmic 
Information.  They  claim  that  In  1973  the  United  Airlines  office  of 
Industrial  engineering  Initiated  a program  to  explore  the  application 
of  biorhythm.  A reduction  In  Injuries  following  Initiation  of  a 
safety  program  was  claimed  but  the  results  were  not  published.  The 
authors  cla1«  that  the  FI  less  biorhythm  method  will  nave  future 
application  in  marriage  counseling,  surgery  planning,  psychological 
and  physical  therapy.  Industrial  safety  end  athletic  performance. 


1389. 

Oppenhelm,  M.  Why  some  people  can't  sleep.  Woman's  Day,  10  June  1980,  pp. 

44,  46,  114,  116. 

1390. 

Opstad,  P.  K.,  R.  Ekanger,  N.  Nummestad,  and  N.  Raabe.  Performance,  mood,  and 
clinical  symptoms  In  men  exposed  to  prolonged,  severe  physical  work  and  sleep 
deprivation.  Aviat.  Space  Environ.  Med.  49:  1065-1073,  1978. 

There  were  44  young  men  who  participated  In  strenuous  combat 
courses  of  4 d (course  I)  or  5 d (course  ID,  almost  without  sleep. 

They  were  tested  and  examined  clinically  each  morning*  Groups  1 and  2 
had  no  organized  sleep,  whereas  groups  3 and  4 got  3 and  6 h.. 
respectively.  In  the  middle  of  each  course.  Substantial  Inpairment 
was  observed  In  all  test,  as  well  as  clinical  symptoms  toward  the  end 
of  the  courses  for  groups  1 and  2.  In  the  vigilance  test,  the 
reaction  time  task,  the  code  test,  and  the  profile  of  mood-state, 
significant  Impairment  was  observed  even  after  24  h.  Complaints  of 
symptoms  came  first.  Disturbance  of  senses  and  behaviour  appeared 
later.  Group  4 had  significantly  better  results  than  groups  1 and  2 
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In  clinical  syiRptons  and  all  tests,  except  the  positive  score  In 
mood-state*  Group  3 occupied  an  Intermediate  position.  Corresponding 
results  were  obtained  In  the  two  separate  courses.  In  the  morning 
following  the  course,  recovery  after  4 h of  sleep  was  less  extensive 
for  course  II  than  course  I participants. 


1391. 

Orford,  R.  R.,  and  E.  T.  Carter.  Survival  as  an  airline  pilot* 

Aerospace  Hed.  Assoc. . Preprints,  1975,  pp.  226-227. 


1392. 

Orr,  W.  C.,  H.  J.  Hoffman,  and  F.  W.  Hegge.  Ultradlan  rhythms  in  extended 
performance.  Aerospace  Med.  45:  995-1000,  1974. 

Eleven  healthy,  young,  male  volunteers  participated  In  an 
experiment  which  Involved  continuous  monitoring  of  heart  rate  and 
performance  on  a complex  vigilance  task.  Ss  were  Instructed  to 
continue  In  the  experiment  for  48  h or  until  they  felt  they  could  go 
no  longer.  All  Ss  completed  at  least  21  h and  two  went  for  44  h. 

Heart  rate  and  behavioral  measures  were  subj^te^to  complex 
demodulation  analysis  to  determine  the  phase  amplitude 
characteristics  of  cyclic  activity  with  a per1«?  In  the  range  of  90 
min  *f~  min.  The  primary  findings  were  a ratherJmarked  Increase  In 
the  amplitude  of  the  90-m1n  rhythm.  In  both  heart  rate  and  performance 
measures,  as  the  time  on  task  Increased,  reaching  their  highest  level 
near  the  end  of  the  run*  This  response  pattern  was  found  in  over 
three-fourths  of  the  analyses  done,  and  was  Independent  of  the  total 
duration  of  the  experiment.  It  Is  fc't  that  this  marked  amplitude 
rise  Is  Indicative  of  a cummulative  stress  response.  In  most 
subjects,  the  heart  rate  response  did  appear  to  show  some  similarity 
of  patterning  with  at  least  one  of  the  behavioral  measures.  Only 
three  Ss  showed  an  obvious  dissociation  between  heart  rate  and  the 
behavioral  responses.  There  was,  however,  greater  concordance  of 
response  patterning  among  the  behavioral  measures* 


1393. 

Orr,  W.  C.,  H.  J.  Hoffman,  and  F.  W.  Hegge*  The  assessment  of  time-dependent 
changes  In  human  performance*  ChronobloTogla  3:  293-305,  1976. 

This  paper  describes  a series  of  experiments  to  Illustrate  the  use 
of  various  methods  of  time  series  analysis  ^n  the  delineation  of  the 
effects  of  circadian  and  ultradlan  cycles  on  human  performance.  These 
experiments  are  concerned  with  measures  of  both  human  performance  and 
physiology.  They  Illustrate  how  the  parameters  of  these  time  series 
analytic  techniques  can  be  used  to  postulate  physiological  mechanisms 
where  time-dependent  changes  have  been  shown  to  be  significant.  The 
use  of  analytic  techniques  In  both  the  time  and  frequency  domain  Is 
11  lustrated. 
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1394t 

Orser,  H.,  R.  Brightfield,  «nd  G.  Brightfleld.  Astrorhythws.  New  York; 

Harper  Colophon  Books,  1980,  128  pp. 

This  book  attempts  to  Integrate  astrological  concepts  with  those 
of  FI  less  biorhythm  method  (I.e.,  to  combine  the  FI less  Idea  of 
monthly  physical  and  emotional  cycles  with  cycles  Induced  by  motion 
of  the  planets)*  The  authors  develop  a concept  of  "energy"  rhythms, 
unsupported  by  any  references  or  studies,  manifested  fay  four  phases: 

Inward  energy  turned,  balance  point,  outward  energy  turned,  balance 
point* 

1395. 

Osada,  H.,  E.  Sakaguchl,  H.  Maru,  and  R*  Yurugl*  Effects  of  cold  exposure  on 

circadian  rhythm  of  body  temperature  In  rats  and  rabbits*  Japan  Air  Self 

Defense  Force.  Aeromedical  laboratory.  Reports  20:  49-59,  13797” 

A study  of  the  effects  of  cold  exposure  on  the  circadian  rhythm  of 
the  body  temperature  In  rats  and  rabbits  Is  presented*  5 rabbits  were 
exposed  outdoors  during  winter  for  48  hr.  and  5 rats  were  placed  In  a 
cold  room  (5  plus  or  minus  1 C)  for  2 months*  Body  temperatures  of 
the  animals  were  measured  every  one  or  two  hours,  and  the  circadian 
rhythm  of  the  body  temperature  was  analyzed  by  the  cosinor  method  In 
which  the  mean  value,  amplitude,  and  the  phase  shift  of  the  body 
temperature  alteration  during  24  hr  were  mathematically  expressed. 

Both  the  cold  and  warm  acclimatized  rats  showed  approximately  the  same 
pattern  In  the  circadian  diagram,  acutely  cold  exposed  rabbits 
exhibited  reduced  amplitude  In  cosinor  diagram  In  rectal,  subcutaneous 
and  skin  temperature  as  compared  with  the  warm  acclimatized  rabbits 
and  a reversed  phase  with  the  environmental  air  temperature  and  human 
circadian  pattern* 

1396* 

Ostberg,  0.  Circadian  rhyt.^ms  of  food  Intake  and  oral  temperature  In 

"morning"  and  "evening"  groups  of  Individuals*  Ergonomics  16:  203-209,  1973* 

The  most  marked  'morning*  and  'evening*  types  In  a psychology 
class  were  Identified  by  means  of  a questionnaire,  and  asked  to  record 
their  oral  temperatures  and  food  Intakes  throughout  the  day  during  a 
4-week  and  a 4-day  period  respectively.  The  morning  group  had  Its 
mean  circadian  temperature  maximum  5 h earlier  than  the  evening  group, 
and  had  Its  cumulative  food  Intake  distribution  curve  1 3/4  h ahead  of 
the  evening  group.  After  adjusting  the  food  distributions  by  1 3/4  h 
In  the  time  base  to  get  a least-square  fit,  significant  differences 
between  the  distributions  remained.  It  Is  suggested  that  morning 
types  have  a more  autonomous  24-hour  periodicity  than  evening  types* 

It  Is  concluded  that  the  questionnaires  have  the  power  to  discriminate 
extreme  morning  and  evening  types  of  Individuals  In  terms  of  oral 
temperature  and  food  Intake.  Food  Intake  seems  to  be  a sensitive 
enough  measure  to  be  Included  In  studies  of  Inter-Individual 
differences  of  circadian  rhythms. 
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1397. 

Ostberg,  0.  Interfndividual  differences  In  circadian  fatigue  patterns  of 
shIftMorkers.  Br.  Ind.  Med.  30:  341*351»  1973. 

Data  from  37  computer  operators  and  output-handlers,  working  on 
discontinuous  8-16-24  alternating  shifts,  were  collected  In  the 
morning,  evening,  and  night  shifts  during  a one-year  period.  The 
study  was  directed  to  the  InterIndIvIduaT  differences  In  the  workers 
circadian  patterns  of  activity*  sleep,  oral  temperature,  time 
estimation,  physical  fitness,  and  food  Intake.  By  means  of  a 
questionnaire  on  preferences  and  habits  of  activity  and  time  of  day, 
three  subgroups  of  five  subjects  each  were  selected  - 'morning', 

'middle',  and  'evening'  groups.  Significant  differences  were  found 
between  the  groups  and  between  the  shifts.  Most  Interesting  was  the 
significant  Interaction  of  group  x shift,  on  the  basis  of  which  It 
could  be  concluded  that  the  'morning'  type  of  subjects  had  the  most 
pronounced  difficulty  In  adapting  to  the  shift  system  practiced.  It 
Is  thought  that  a refinement  of  the  questionnaire  used  should 
eventually  result  In  a tool  for  assessing  a person's  circadian  type 
and  the  Interaction  of  type  x shift. 

1398. 

Ostberg,  0.  Zur  Typologle  der  circadlanen  Phasenlage.  Ansatze  zu  elner 
praktisschen  Chronohyglene  (On  the  typology  of  the  circadian  phase  position. 
Formulation  for  a practical  chronohyglene).  In:  Blologische  Rhythmen  und 
Arbeit,  edited  by  G.  Hlldebrandt.  Vienna:  Sprlnger-veriag,  i»/o, 

pp.  117-137. 

1399. 

Ostberg,  0.,  and  G.  Svenson.  "Functional  age"  and  physical  work  capacity 
during  day  and  night.  In:  Experimental  Studies  of  Shiftwork,  edited  by  P. 
Colquhoun,  S.  Folkard,  P.  Knauth,  and  J.  Itutenfranz,  Opladen:  Westdeutscher 

Verlag,  1975,  pp.  254-264. 

The  effects  of  circadian  rhythms  In  man  have  hitherto  not  been 
Included  In  the  calculation  of  physical  work  capacity  from  submaximum 
tests.  This  has  had  the  effect  that  In  most  earlier  Investigations 
the  ergometer  tests  paradoxically  seemed  to  Indicate  an  Increased  work 
capacity  after  a long  day  of  work.  By  means  of  studying  the  change  In 
heart  rate  and  rated  perceived  exertion.  It  Is  shown  that  Individuals 
can  be  looked  upon  as  growing  older  during  the  night,  and  that 
nomograms  for  calculation  of  work  capacity  should  be  corrected  for 
functional  age  rather  than  chronological  age.  It  Is  also  shown  that 
Interindividual  differences  In  circadian  phase  ('morning'  and 
'evening'  types  of  Individuals)  must  be  taken  Into  consideration 
In  evaluating  work  capacity  «nd  functional  age. 
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1400. 

Panferova,  N.  Y.  Sostoiyanlye  termoregulyatsil  pri  dlitel'noai  prebyvanll  v 
usiovlyakh  ogranlchenlyea  ayshechnoiy  deyatel'nosti  (Heat  reoulatlon  under 
prolonged  llaritatlon  of  mscular  activity).  Fizlol.  Chel.  4:  83S-839,  1978. 

Under  conditions  of  limitation  on  muscular  activity*  heat  regu* 
latlon  changes.  The  skin  temperature  topography  Is  redistributed.  In 
the  direction  of  decrease  In  skin  teiperature  of  the  lower  half  of  the 
body  4nd  the  weighted  mean  temperature.  Coordination  of  the  heat 
production  and  heat  transfer  processes  Is  disrupted*  a cmsequence  of 
which  Is  a periodic  Increase  of  body  temperature  above  37".  Discrim- 
ination of  temperature  stimuli  Is  hampered,  cold  ones  to  a greater 
extent. 

1401. 

Panov.  A.  G..  and  N.  I.  Komandenko.  Neurological  fatigue- Indices  of  flight 
crews  of  long-range  and  military  transport  aviation.  Voenno-Med.  Zh.(l): 

76-78.  1973.  “ 

1402. 

Papal oizos.  A.  and  J.  Carlact.  Les  blorhythmes.  Une  theorle  sans  fondements 
(Biorhythms.  A theoiy  without  foundation).  Z.  Praventivmed.  5:  64-70.  1960. 

The  biorhythm  theory  was  tested  on  500  drivers  who  caused  an 
accident;  the  occurrence  of  an  accident  could  not  be  predicted  by  the 
theory  aiy  better  than  chance. 

1403. 

Papin.  J.  P.  Problems  In  maintaining  the  alertness  of  air  force  personnel  - 
the  organization  of  work  schedules  during  long-distance  flights.  (AGARD. 
Meeting.  Scuola  Mllltare  d1  Sanita  Aeronautica.  Rome).  Riv.  Med.  Aeronaut. 
Spaz.  40:  153-164.  1976. 

1404. 

Papousek*  M..  H.  P.  Frank,  and  H.  Stohr.  Sleep  deprivation  therapy  In 
endogenous  depression.  Effects  on  circadian  rhythms.  Sleep:  Europ.  Congr. 
Sleep  Res.,  2nd,  Rome*  1974,  edited  by  P.  Levin  and  M.  P.  Koella.  Baseil 
KargerTT975,  pp.  474-477. 

1405. 

Parker,  D.  C. , E.  Pekaiy,  and  J.  M.  Hershman.  Effect  of  normal  and  reversed 
sleep-wake  cycles  upon  nyctohemeral  rhytharfclty  of  plasma  thyrotropin: 
evidence  suggestive  of  an  Inhibitory  Influence  In  sleep.  J.  Clin.  Endocrinol. 
Metab.  43:  318-328,  1976. 

1406. 

Parker,  0.  C.,  L.  Rossman.  0.  Kripke,  U.  Gibson,  and  K.  Wilson.  Imposed  30  hr 
sleep-wake  cycle  elicits  a 30  hr  periodicity  and  Its  harmonics  In  growth 
hormone  (hGH)  rhythmldty  (abstract).  Sleep  Res.  7:  124,  1978. 
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1407. 

Parlee,  H.  B.  The  rhythms  In  mens  lives.  Psychology  Today  11:  82-91,  1978. 


Mood  evaluation  was  performed  daily  at  the  same  time  for  90  days 
in  15  men,  using  the  Thayer  Activation-Deactivation  Checklist,  Profile 
of  Mood  States  and  the  Vteissman-Ricks  Personal  Feelings  Scale.  Time 
series  analysis  revealed  cycles  from  6-90  days  with  clusters  at  7,  23, 
30  and  45  days* 


1408. 

Parlee,  M.  B.  Night  people  and  bo(iy  rhythms.  Psychology  Today  : 45,  1979. 

1409. 

Parrot,  J.,  and  0.  C.  Petiot.  Less  thar  24  hour  pseudo-periodicity  in  work 
schedules  of  train  drivers  in  relation  to  their  sleep.  Int.  Arch.  Occup. 
Environ.  Health  41:  181-188,  1978.  ^ 


Work  schedules  from  a random  sample  of  180  successive  on  and  off 
duty  days  of  4 train  drivers  were  analyzed.  Work  blocks  cover  4 to  8 
consecutive  days,  with  off  duty  times  spent  at  home  or  away  from  home. 
Nithin  these  work  blocks  it  appears  that  in  84t  of  the  cases, 
individual  starting  and  finishing  times  of  service  fall  earlier  from 
one  service  to  the  following.  On  the  whole  they  tend  to  sweep 
continuously  the  nycthemere  counterclockwise,  which  results  into  less 
than  24  hr  blocks,  estimated  periods  are  less  than  24  hr  ranging  in 
these  cases  from  19  hr  to  24.60  hr  (sample  mean:  20.68  hr).  Mean 
service  duration  observed  in  the  sample  as  7 hr.  Mean  effective 
driving  task  corresponds  to  60*  of  that  time.  The  general  hypothesis 
is  made  that  such  an  artificial  application  of  a work  rest  cycle  which 
is  less  than  24  hr  provides  the  least  propitious  conditions  for 
development  of  so  called  adaptive  responses,  at  least  as  far  as 
duration  of  sleep  and  Intrasleep  patterns  are  concerned,  if  subjects 
are  at  the  same  time  submitted  to  circadian  influences  of 
environmental  and  social  Zeitgeber. 


1410. 

Parrot,  J.,  J.  C.  Petiot,  N.  Baudot,  and  J.  M.  Goutorbe*  Remarks  on  some  work 
schedules  of  train  drivers.  In  relation  to  their  sleep.  Chronoblologia  4:  137, 
1977. 


In  a previous  research,  Foret  and  Lantin  (1972)  presented  evidence 
for  major  disturbances  in  sleep  duration  and  EE6  patterns  of  French 
train  drivers.  Because  of  that  research  we  paid  attention  to  train 
driver  work  schedules.  Train  driver  work  schedules  are  very  often 
organized  in  advance  into  work-day  blocks  separated  by  rest-day  blocks 
which  have  no  automatic  coincidence  with  the  conventional  week-end. 

Our  analysis  involved  a random  sample  of  24  such  work -blocks  and 
corresponding  rest-blocks  cover  4 to  8 consecutive  days,  with  off-duty 
times  spent  at  home  or  far  from  home.  Within  these  work-blocks  it 
appears  that  time  sharing  results  into  pseudoperiodicity  in  successive 
starting  times  or  finishing  times  of  service.  In  23  cases  out  of  24, 
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the  estlnated  period  Is  less  then  24  H,  ranging  fron  1900  to  0000 
($ai4>1e  mean:  2108,  SO  l*34h).  In  84t  of  the  cases  Individual 
starting  and  finishing  tines  fall  earlier  fron  one  service  to  the 
following,  and  corresponding  work  schedules  sweep  the  nyctoheneral 
counter-clockwise.  Mean  service  duration  observed  In  the  sainle  Is 
7 h (S01.2S  h).  Mean  effective  driving  task  corresponds  to  W*  of 
that  tine.  Iispll cations  of  such  work  schedules  for  health  and 
perfomance  of  train  drivers  are  discussed  In  relation  to  observations 
by  Foret  and  Lantin  and  to  other  relevant  findings  by  Lewis  and 
Lobban  (1957). 

1411. 

Patkal,  P.  Diurnal  differences  between  habitual  morning  workers  and  evening 
workers  In  some  psychological  and  physiological  functions.  The  Psychological 
Laboratories  of  the  University  of  Stockholm.  Report  No.  311..  1970. 

1412. 

Patkal.  P.  Satisfaction  with  different  types  of  rapidly  rotating  shift 
systems  (abstract).  In:  Int.  Symp.  on  Night-  and  $h1ft*work.  Sth.  Rouen  FR.. 
1980.  p.  IV-6.  

1413. 

Patkal.  P. . T.  Akerstedt.  and  K.  Pettersson.  Field  studies  of  shiftwork:  1. 
Temporal  patterns  In  psychophyslological  activation  In  permanent  night 
workers.  Ergonomics  20:  611-619.  1977. 

The  diurnal  variation  In  body  temperature,  catecholamine  excretion 
performance,  and  subjective  alertness  was  studied  among  24  permanent 
night  workers  suring  the  1st.  3rd.  and  Sth  day  of  their  work  'week'  of 
six  nights.  Most  of  the  variables  showed  a significant  diurnal 
pattern  with  high  values  during  work.  Furthermore,  the  patterns  of 
variation  were  similar  during  the  three  nights  of  measurement  without 
any  observable  adjustment  over  the  week.  It  was  therefore  suggested 
that  permanent  night  work  might  facilitate  a more  rapid  switch  over  to 
night  work  after  free  days. 

1414. 

Patkal.  P..  and  Oahlgren.  Adjustment  of  diurnal  rhythms  to  unusual  working 
hours  as  related  to  measures  of  subjective  adaptation.  Ergonomics  21:  869. 

1415. 

Patkal.  P..  6.  Johannson.  and  B.  Post.  Mood,  alertness  and 
sympathetic-adrenal  medullary  activity  ^rlng  the  menstrual  cycle.  Psychosom. 
Med.  36:  503-512,  1974. 

Six  healthy  women  were  studied  during  a dally  work  routine  for  a 
period  covering  two  menstrual  cycles.  Umlnaiy  catecholamines  and 
body  temperature  were  measured  each  morning  of  ordinary  weekdays.  On 
each  occasion  estimates  of  subjective  mood  and  alertness  were 
obtained.  Four  periods  of  the  menstrual  cycle,  premenses,  postmenses. 
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ovulation  and  postovulation,  wore  coi|>artd  In  respect  to  physiological 
and  subjective  variables*  No  significant  differences  In  ad^nallne 
and  noradrenaline  excretion  between  periods  were  found.  Estimates  of 
subjective  states  did  not  generally  differ  between  periods  except  for 
feelings  of  restlessness.  Night  Si«ep  was  most  disturbed  during 
premenses,  coinciding  with  the  longest  steep  duration.  All 
physiological  variables  exhibited  a high  degree  of  Intraindividual 
constancy  during  the  cycle. 


1416. 

Patkal,  P. , K.  Pettersson,  and  T.  Alcerstedt.  Flexible  working  hours  and 

Individual  diurnal  rhythms.  Reports  from  the  Psychological  Laboratories,  U. 

Stockholm,  No.  406,  1973,  12  pp. 

The  relevance  of  Individual  diurnal  rhythms  was  studied  among 
workers  with  flexible  working  hours*  Workers  classified  as  habitual 
morning  vs  evening  workers,  on  the  basis  of  their  answers  to  a 
questionnaire,  were  coi|>ared  with  regard  to  body  teaperature, 
catecholamine  excretion,  performance  efficiency  and  subjective 
alertness  during  a morning,  nrid-day  and  afternoon  session.  The  time 
patterns  for  variations  In  body  temperature,  performance  efficiency 
and  subjectively  estimated  alertness  during  the  day  differed 
significantly  between  the  two  groups.  Noming  typos  showed  a diurnal 
rhythm  where  the  peak  levels  of  these  variables  w^re  reached  during 
the  morning  hours,  decreasing  towards  the  afternoon,  while  the 
opposite  trend  was  characteristic  of  the  evening  typos* 


1417. 

Patkal,  P. , K.  Petersson,  and  T.  Akerstodt.  The  diurnal  pattern  of  some 
physiological  and  psychological  functions  In  permanent  night  workers  and  In 
men  working  In  two*sh1ft  (day  and  night).  Int*  Symp.  on  Night-  and  Shiftwork: 
Experimental  Studies  of  Shiftwork,  3rd.,  Oorfiunarw*  tier.,  l»/o,  pp. 

The  gains  of  permanent  or  longer  periods  of  night  work  Is 
discussed  In  terms  of  "short-term"  and  "long-term"  adaptation,  where 
the  latter  refers  to  a decrease  In  the  time  recessive  periods  of  night 
work.  Results  are  presented  from  two  studies  Involving  24  printers 
with  permanent  night  work  and  13  type-setters  working  In  two-shift 
with  alters  'e  days  and  nights.  Data  on  catecholamine  excretion,  body 
temperature,  performance  and  subjective  state  were  collected  In  the 
beginning.  In  the  middle  and  at  the  end  of  the  night  shift  period  for 
both  groups.  The  signs  of  better  long-term  adaptation  In  the  sense 
that  their  night  curves  did  not  Improve  during  the  night  period  as 
much  as  those  of  shift  workers.  It  appears  that  permanent  working 
hours  may  be  a requirement  for  the  development  of  long-term  adaptation 
to  night  work. 


1418. 

Patkal,  P. , K.  Pettersson,  and  T.  Akerstedt.  The  diurnal  pattern  of  some 
physiological  and  psychological  functions  In  permanent  night  workers  and  In 
men  working  on  a two-shift  (day  and  night)  system  (abstract).  Int.  J. 
Chronoblol.  3:  5,  1975.  ” 
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1419. 

P«tka1.  P.»  K.  Petterson,  and  T.  Akerstedt.  The  diumal  pattern  of  some 
pl\ys1ol09lca1  and  psychological  functions  In  pemanent  night  workers  and  In 
men  working  on  a two*sh1ft  (dey  and  night)  sytem.  In:  Experimental  Studies 
In  Shiftorork.  edited  Igf  W.  P.  Co1quhoun»  S.  Folkard,  P.  Knauth,  and  J. 
Rutenfranz.  Opladen:  Uestdeutscher  Veriag*  1975*  pp.  131-141. 

1420. 

Paunovic-Pfaf*  J.  and  0.  Oeorgue/lclolln.  Stay  Radnika  Prema  Nocnom  Radu 
(Attitude  of  workers  to  night-work).  ErgonomIJa  5:  41-44,  1976* 

Night  work,  which  Involves  a series  of  changes  - from  habits  of 
the  organism  to  social  contacts  - 1$  In  most  cases  experienced  as  an 
unpleasantness  which  can  lead  to  reactions  of  frustration  especially 
with  the  younger  and  unadapted  workers,  the  authors  have  Investigated 
150  workers  who  work  In  three  shifts.  The  methods  used  were  those  of 
Interview  and  questionnaires  containing  a choice  of  answers.  The  aim 
of  the  Investigation  was  to  establish  the  attitude  of  workers  to  night 
work,  sources  of  Interference  with  social  habits  and  disturbance  of 
sleep  after  night  work.  Negative  attitude  was  evident  with  77%  of 
workers,  positive  with  11%,  and  only  12%  of  the  workers  considered  It 
as  an  Inevitability  Involved  with  the  post.  The  authors  recommend 
that  a selection  Is  made  among  the  candidates  for  night  work,  that 
changes  In  shifts  are  organised,  more  suitable  diets  during  night  work 
and  oroanlsed  recreation.  Particular  emphasis  Is  placed  on  the 
necessity  of  Improving  the  standard  of  living  and  on  ensuring  adequate 
rest  after  night  shift. 

1421. 

Peck,  A.  W.,  R.  Adams,  C.  Bye,  and  R.  T.  Wilkinson.  Residual  effects  of 
hypnotic  drugs:  evidence  for  Individual  differences  on  vigilance* 
Psychopharmacoloqy  47:  213-216,  1976. 

1422. 

Pegram,  G.  V.,  R.  J.  Bradlay,  and  J.  M.  Rhodes.  Alteration  of  sleep  and 
circadian  rhythms  by  the  use  of  drugs.  In:  Medical  Primatology,  1970. 
(Proc.  of  the  Second  Conf.  on  Exper.  Ned.  and  Surgery  in  Primates,  New  York, 
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study  was  to  deterarine  If  5-HT  depletion  (PCPA  administration)  could 
enhance  physiological  and  behavioral  adjustment  to  a 6-hr  phase  shift. 
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larger  study  Investigating  the  I^Uractlon  of  environmental  para- 
meters, work/rest  cycles  and  sleep  patterns. 


395 


1423. 

Pengtll^y.  £•  T.  (ad).  Clrcammai  Clocks.  (140th  AAAS  meatlng  San  Francisco,  1974) 
Naw  York:  Acadenlc  PrSiTTO^i  5251>p. 

1424. 

Paquimot,  G.,  J.  Claudlan,  and  F.  Vlnlt.  uot  r.aa  countinua  at  alimentation. 

In:  Allmantatlon  at  travail,  aditad  fcy  G.  Oaoof  and  R.  Blayar.  Paris: 

Masson,  1972,  pp. 

1425. 

Paralll,  L.  P.  Physiologic  aspacts  of  workload/fatigua/stress.  In:  Survey 
of  Methods  to  Assess  Workload,  edited  hy  B.  0.  Hartamn  and  R.  E.  McKenzie, 
liiuiiiy-sur^elne:  aAiO,  Advisory  Group  for  Aerospace  Research  and 
Oavalopment,  AGA.RD-AG*246,  1979,  pp.  13»16. 

1426. 

Perat,  J.,  M.  Chanaz.  and  G.  Pascal.  Schedule  of  protein  Inoestlon  and 
c1rcad1‘j»  rhvthm  of  certain  heoatlc  enzyme.  Mutr.  Netahol.  20:  143-157, 

1976.  

1427. 

Perlou,  M.  J.,  M,  H.  Ebert,  E*  K.  Gordon,  M*  G.  Ziegler,  C.  R.  Lake,  and  T. 

M.  Chase.  The  circadian  variation  of  catecholamine  metabolism  In  the  subhuman 
primate.  Brain  Res.  139:  101-113,  1978. 

1428. 

Perry,  I.  C.  Helicopter  aircrew  fatigue.  Neuilly-sur-Seine:  NATO,  Advisory 
Group  for  Aerospace  Research  and  Development,  AGARO-AR-69,  1974,  25  pp. 

A study  was  conducted  to  provide:  (1)  a definition  of  aviator 

fatigue,  (2)  a list  of  the  effects  of  fatigue  on  operational 
effectiveness,  (4)  a statement  of  causal  factors  and  diagnostic 
criteria,  (4)  a statement  of  preventive  measures,  and  (5)  a statement 
of  methods  of  treatment  of  aviator  fatigue.  These  specific  alms  were 
accomplished  and  are  presented.  In  addition,  the  results  are  given  o 
an  aircrew  opinion  questionnaire  and  a review  of  120  helicopter 
accidents. 
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The  frequencies  of  400  mining  accidents  from  two  mining  Industries 
were  compared  to  expected  frequencies  on  biorhythm  cycle  high  and  low 
phases  and  critical  days,  using  chi  square  analysis.  The  critical 
day  definition  Included  adjacent  day^^  The  number  of  accidents 
occurring  on  critical  days  or  high  or  low  biorhythm  phases  did  not 
differ  from  chance  for  any  of  the  cycles.  The  authors  conclude  that 
their  analyses  demonstrate  no  support  for  the  several  predictions 
generated  from  the  biorhythm  model. 
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Present  knowledge  on  shift  work  In  all  Its  forms,  and  Its  effects 
on  the  Individual  (sleep  disturbances,  autonomic  and  gastrointestinal 
disorders)  and  the  family  and  social  spheres  are  reviewed.  Remedies 
consist  In  the  design  of  shift  work  (limitation  or  suppression  of 
alternating  shifts,  adaptation  of  rotation  periods,  etc),  design  of 
the  workplace  and  neighbouring  environment  (rest  rooms,  home  close  to 
the  undertaking,  arrangement  of  the  home,  balanced  diet),  strict 
medical  surveillance,  reduction  of  retiring  age,  and  above  all 
technical  measures  reducing  the  need  for  shift  work. 
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This  study  was  designed  to  determine  whether  or  not  a number  of 
diverse  rhythmic  variables  In  the  rat  could  be  synchronized  to  meal 
timing.  This  was  tested  by  restricting  the  availability  of  food;  once 
during  each  24-hour  period  unrestricted  quantity  of  food  was  made 
available  for  a 4-hour  period  to  four  different  groups  at  different 
phases  of  the  light-dark  cycle,  and  the  rhythms  of  the  variables 
studied  In  the  different  groups  were  compared.  Liver  glycogen  and 
serum  glucose  'lid  synchronize  to  or  were  strongly  InfTuenced  by 
feeding  schedules;  corticosterone  and  the  several  enzymes  measured 
seemed  to  reflect  an  Interaction  of  both  the  restricted  feeding 
schedule  and  the  light-dark  cycle.  The  mitotic  Index  In  the  corneal 
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epithelium  In  all  groups  remained  remarkably  synchronized  to  the 
light ‘dark  cycle  and  was  altered  only  nrlnlmally  by  restricted  meal 
timing.  All  groups  on  restricted  feeding  schedules  gained  less  weight 
than  the  group  fed  ad  libitum  and  maintained  on  a light-dark  cycle* 

These  studies  caution  against  assuming  that  all  bo<lK  functions  react 
In  the  same  manner  to  different  synchronizers:  and  they  eaphaslze  that 
one  must  not  generalize  about  the  synchronizing  effect  of  meal -timing 
or  even  the  light-dark  cycle. 
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The  purpose  of  this  study  to  Investigate  the  effects  of  6.5  hr 
exposure  to  85  dB(A)  turboprop  aircraft  noise  and  an  8,000-ft 
simulated  altitude  on  Intellectual  Judgments  common  to  aircrew  tasks. 

No  significant  effects  were  noted  In  the  ability  to  recall  analogous 
situations  and  solutions,  the  ability  to  decode  series  of  symbols  Into 
meaningful  groups,  or  the  ability  to  perform  appropriate  sequential 
psychomotor  tasks*  There  was  no  apparent  synergistic  effect  on  these 
same  variables* 
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Some  well -defined  statistical  regularities  characterize  the  change 
In  period  (tau)  of  cockroach  circadian  oscillations  subjected  to  a 
large  temperature  step.  These  are  explainable  In  terms  of  the 
Mll-knoim  teiqperature-coiqpensatlon  (homeostasis)  of  (tau)  of 
circadian  oscillations.  The  same  regularities  are  detectable  In 
published  data  on  the  effect  of  several  other  variables  affecting 
several  other  circadian  oscillations.  The  proposition  Is  then 
developed  that  the  tenf>e*‘ature-compensat1on  of  (tau)  Is  only  a special 
case  of  a general  homeostatic  conservation  of  the  frequency  of 
circadian  oscillations  In  the  face  of  all  changes  thqy  are  likely  to 
encounter  In  the  cell.  Such  a general  homeostasis  of  (tau)  Is  a 
functional  prerequisite  for  an  oscillator  to  function  as  a useful 
“clock." 
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The  circadian  activity  rhythms  of  golden  hamsters  and  two  species 
of  deermouse,  when  released  from  a light-dark  cycle  of  12  hours  light 
and  12  hours  of  darkness  Into  constant  darkness,  had  progressively 
shorter  periods  as  the  anlMls  became  older.  A possible  bearing  of 
this  fact  on  the  aging  process  Is  briefly  outlined. 

1445. 
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Scl.  69:  1537-1539,  1972.  

Orosophlla  melanogaster,  which  had  been  reared  under  standard 
conoltions  (24^  and  a z4-hr  llght/dark  cycle  Involving  12  hr  of  light) 
were  exposed,  on  the  first  day  of  adult  life,  to  four  environments 
(all  at  250)  follows:  (1)  a 24-hr  day  consisting  of  12  hr  light  and 
12  hr  dark;  (2)  a 21-hr  day  (10.5  hr  dark);  (3)  a 27-hr  day  (13.5  hr 
dark);  and  (4)  constant  light.  The  experiment  was  repeated  four 
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times.  In  all  four  experiments  the  flies  on  a 24-hr  day  lived 
significantly  longer  than  the  files  In  the  other  environments.  This 
result*  comparable  to  other  observations  on  plants*  Indicates  that 
eukaryotic  systems  as  oscillators  perform  most  effectively  when  they 
are  driven  close  to  their  natural  "circadian"  frequency* 
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unrestrained  rat  and  the  modification  of  motor  activity  by  artificial 
light-dark  cycles.  Chronoblologla  6:  143*  1979. 

purpose  of  this  study  was  to  prove  the  existence  of 
periodicities  shorter  than  20  h In  motor  activity*  heart  rate  and 
Internal  body  temperature  of  the  rat.  Furthermore*  we  examined  the 
alterations  In  the  behavior  of  motor  activity  under  the  Influence  of 
continuous  light,  continuous  darkness  and  8:8*  2. 3:2.3  and  1:1  LD 
cycles*  In  our  experimental  design  we  used  rats  of  the  Sprague-Oawley 
and  Lewls/Zum  strains  which  were  housed  singly  and  fed  ad  libitum. 
Movement  of  the  animals  was  detected  by  a capacitance  sensor  placed 
under  the  standard  Nakrolon  cage;  telemetry  transmitters  were  used  to 
measure  heart  rate  and  body  temperature.  Periodicity  analysis  was 
done  by  computing  autocovariance  and  by  computation  of  a variance 
spectrum. 

It  was  shown  that  under  the  usual  12:12  LO  cycle  the  well  known 
diurnal  rhythm  of  motor  activity*  heart  rate*  and  body  temperature  Is 
superimposed  by  an  ultradlan  cyclicity  of  4 to  5 h during  night  hours. 

It  was  possible  to  amplify  the  ultradlan  rhythmicity  of  motor  activity 
through  a corresponding  lighting  regimen  of  2*3:2.3.  Under  these 
conditions  of  Illumination  the  circadian  rhythm  was  weak  or  not 
detectable.  Even  a LD  cycle  shortened  to  1:1  caused  the  rats  to 
either  cease  or  to  enhance  their  activity  but  there  was  a tendency  to 
omit  single  phases.  Examination  of  the  Influence  of  continuous 
darkness  and  a 8:8  LO  cycle  Is  presently  In  progress  and  should  be 
completed  at  the  time  of  presentation. 
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Pochobradsky*  J.  Perlodogram  analysis  of  menstrual  cycles*  J.  Interdlscipl . 
Cycle  Res.  1:  303-315*  1970. 

Perlodogram  analysis  of  long-term  menstrual  calendars  of  women  shows 
that  there  is  an  Individual  dominant  frequency.  Analysis  of  ten 
menstrual  calendars  revealed  dominant  periods  ranging  from  24.2-30.2 
days. 

1451. 

Pocock*  S.  J.*  R.  Sergean*  and  P.  J.  Taylor.  Absence  of  continuous 
three-shift  workers:  a comparison  of  traditional  and  rapidly  rotating 
systems.  Occup.  Psychol . 46:  7-13*  1972. 

Complete  absence  records  of  782  shift  workers  In  one  factory  have 
been  studied  before  and  after  a change  from  a continuous  seven  day 
'traditional*  rota  to  a rapidly  rotating  'continental*  rota.  A 
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comparison  bet»ieen  a twelve  month  period  before  the  change  and  a 
similar  period  afterwards  showed  a rise  In  certified  slclcness  absence 
of  36  per  cent.  In  uncertified  sickness  absence  of  29  per  cent  and  a 
fall  In  absence  for  reasons  other  than  sickness  of  2 per  cent. 
Certified  sickness  of  the  Insured  population  In  that  part  of  England 
rose  by  only  8 per  cent.  Sickness  absence  commenced  most  frequently 
on  the  night  shift  under  both  systems  but  this  became  even  more  marked 
for  uncertified  sickness  after  the  change.  These  results  suggest  that 
social  acceptability  should  not  be  the  only  factor  considered  when  a 
change  of  system  Is  contemplated. 
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palmarum  und  Eutamlas  sibiricus,  unter  Dauerllchtbedingungen  line  activity 
rhythm  of  the  two  dqy-actlve  rodents,  Funambulus  palarum  and  Eutamlas 
sibiricus.  In  continuous  Illumination.  Author's  transl.)  J.  comp.  Physiol. 
78:  60-74,  1972. 
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Pohl,  H.  Comparative  aspects  of  circadian  rhythms  In  homeotherms, 
re-entra1nment  after  phase  shifts  of  the  zeitgeber.  Int.  0.  Chronoblol.  5: 
493-517,  1978. 
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Pokorny,  M.  L.  I.,  D.  H.  J.  Blom,  and  P.  van  Leeuwen.  Analysis  of  traffic 
accident  data  (from  busdrivers)  - an  alternative  approach  (1).  Leiden,  the 
Netherlands:  Netherlands  Institute  for  Preventive  Health  Care/TNO,  1979,  pp. 
1-8. 


The  analysis  of  traffic  accident  data  of  busdrivers  presented  In 
these  two  papers,  forms  an  Integral  part  of  a major  project,  focussing 
on  the  effect  of  the  busdriver's  task  on  the  performer.  The  accidents 
were  thought  to  be  a possible  Indicator  for  this  effect.  Data  were 
obtained  from  the  accident-archives  of  a bus  company,  together  with 
additional  Information  about  the  work  organization,  circumstances  at 
the  time  of  the  accident,  etc.  A total  of  944  documented  accidents 
of  197  busdrivers  In  a 5-year  period  were  available.  The  analysis 
starts  by  presenting  the  accident  frequencies  found  at  the  hours  of 
the  dqy  that  buses  are  In  operation  (from  5.00  to  1.00  hr.) 

A measure  of  exposure  Is  then  Introduced,  being  the  total  number 
of  kilometers  driven  during  each  30-m1nute  period  of  the  dny,  and 
accident  ratios  are  constructed  for  the  same  30-m1nute  period  (number 
of  accidents  per  100,000  km).  It  Is  shown  that  part  of  the 
variability  between  the  accident  frequencies  at  various  hours  of  the 
d^y  can  be  explained  by  the  different  exposure.  In  the  next  part  of 
the  analysis  the  data  are  divided  Into  different  organizational 
groups,  according  to  the  type  of  shift  (early  • late  - "broken" 

shifts).  It  Is  shown  that  the  three  shifts  differ  significantly  with 
regard  to  their  mean  overall  accident  ratios:  Early:  3.39  acc/100.000 
km;  Late:  2.47;  Broken:  3.08;  x2  « 16.03  (p<0.001).  This  result  1$ 
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quite  Interesting,  because  It  can  be  regarded  as  an  effect  of  the 
shift  Itself:  These  shifts  Mere  performed  by  all  busdrivers  on  all 
buslines  In  rotating  schedules,  therefore  each  driver  had  the  same 
conditions  regarding  shifts,  buslines,  kilometers  driven,  and  the 
like. 

The  main  difference  betMeen  these  shifts  (apart  from  certain 
aspects  of  the  broken  shift)  can  be  seen  as  their  occurrence  at  a 
different  stage  of  the  day.  It  Is  shoMn  that  also  within  the  three 
shifts  a significant  difference  exists  In  the  overall  accident  ratios 
between  groups,  selected  with  regard  to  their  starting  hour:  within 
the  early  shift,  five  groups  could  be  selected  (starting  5.00  hrs  to 

9.00  hrs  respectively)  with  different  overall  accident  ratios 
(x‘(4)  * 284.5;  p<  0.001),  within  the  late  shift,  four  groups 
(starting  13.00  hrs  to  16.00  hrs)  ratios  differing  with  x^O)  ■ 

35.41  (p<  0.001)  and  within  the  "broken"  shift,  two  groups ^t^tartlng 

6.00  hrs  to  7.00  hrs)  ratios  differing  with  x2/i\  ■ 32.8 

(p<  0.001). 

Within  all  three  shifts  the  following  conclusion  can  be  drawn: 
the  earlier  a driver  started  working  the  higher  the  overall  accident 
ratio. 
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accident  data  (from  busdrivers)  - an  alternative  approach  (II).  Leiden,  the 
Netherlands:  Netherland  Institute  for  Preventive  Health  CareANO,  1979,  pp. 
9-16. 


In  the  previous  paper  the  different  overall  accident  ratios  were 
discussed  between  various  shiftgroups  with  different  starting  hours. 
This  paper  Is  focussed  on  differences  within  these  groups.  Of  course 
the  same  type  of  construction  of  traffic  accident  ratios  Is  used  as  In 
the  first  paper  (number  of  accidents  / 100.000  km),  but  now  the 
pattern  of  these  ratios  during  the  different  hours  of  the  day  and  the 
different  hours  of  service  Is  analysed.  It  will  be  recalled  that  the 
various  hours  of  the  day  had  different  accident  ratios.  Analysis  of 
the  data  from  above  mentioned  groups  (with  different  starting  hours) 
now  shows  that  every  group  had  at  the  same  hour  of  the  day  a very 
different  accident  ratio. 

Therefore,  It  can  be  concluded  that  the  hour  of  the  day  Itself 
(and  related  external  factors  like  traffic  density,  etc.,  and  Internal 
factor  such  as  circadian  rhythm  effects,  etc.)  seem  not  to  have  a 
substantial  Influence  on  the  accident  risk,  according  to  our  data. 

On  the  other  hand  It  Is  shown  that  characteristic  patterns  In 
accident  ratios  exist  In  the  starting  hour  groups  (subgroups  of  the 
shifts).  These  patterns  are  related,  again,  to  the  starting  hour  of 
the  shift  (pattern-level)  and  to  the  type  and  duration  of  the  shift 
Itself  (pattern- form). 

Summarizing  the  conclusions  It  can  be  said  that.  In  our  material, 
the  major  part  of  the  variability  between  bus  accident  risks  during 
the  day  can  be  explained  by:  1.  Differences  In  exposure  (number  of 
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klloneters):  2.  Starting  hour  of  the  shift;  3.  Type  of  shift  and 
duration  of  service* 
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Poland,  K,  E. , R.  T.  Rubin,  B.  R.  Clark,  and  P.  R.  Gouln.  Circadian  patterns 
of  urine  17-OHCS  and  VNA  excretion  during  sleep  deprivation.  Diseases  of  the 
Nervous  System  33;  456-458,  1972. 

1457. 

Po1ey»  G.  E.,  C.  A.  Shively,  and  E.  S.  Vesell.  Diurnal  rhythns  of  amlnopyrlne 
metabolism:  failure  of  sleep  deprivation  to  affect  them*  Clin.  Pharmacol* 
Ther.  24:  726-732,  1978.  

After  a single  oral  dose  of  amlnopyrlne  (^gAg)»  mean  salivary 
amlnopyrlne  half-lives  (tl/2s)  and  metabolic  clearance  rates  In  12 
normal  male  volunteers  exhibited  diurnal  variations.  Salivary 
amlnopyrlne  tl/2s  irere  approximately  50%  longer  at  8 P.  M. 

(2.1  V-  0.7  hr)  than  at  8 A.  N.  (1.4  V*  0.3  hr).  Mean  amlnopyrlne 
metabolic  clearance  rates  decreased  20%  from  8 A.  N.  (418.2  V*  152.0 
ml/mln)  to  8 P.  N.  (335.3  * 107.6  ml/mln). 

1458. 

Pollack,  H.  The  rhythmic  cycles  In  man.  Federation  of  American  Societies  for 
Experimental  Biology,  Bethesda,  Md.  CSS:  Life  Sciences  Research  Office. 

There  Is  ample  evidence  to  accept  the  concept  of  multiplicity  of 
cyclic  and  rhythmic  functions  In  plants,  animals  and  man.  These  vary 
from  the  ulltradlan  and  circadian  to  seasonal  and  annual  cycles* 

There  are  numerous  factors  Involved  In  these  cyclic  phenomena,  from 
photostimulatlon  (day-night  cycle)  to  exhaustion-replenishment 
feedback  mechanisms.  Nan's  ability  to  override  the  rhythms  Is  an 
Important  factor  which  allows  him  to  undertake  maty  activities  and  not 
be  limited  ty  the  rhythmic  nature  of  these  underlying  mechanism.  The 
override  capability  enables  him  to  maintain  his  work  performance 
efficii.ttly  providing  he  Is  motivated  and  Interested.  Thus  motivation 
may  be  more  Important  than  the  circadian  rhythm  which  can  be  disrupted 
but  restored  easily  with  the  proper  stimulation.  The  report  reviews 
research  In  this  field  and  notes  areas  for  future  research  and  names 
key  Investigators. 
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Pol’.ak,  C*  P. , P.  NcGregon,  E.  D.  Weltzman.  The  effects  of  flurazepam  on 
daytime  sleep  after  acute  sleep-wake  cycle  reversal  (abstract).  Sleep  Res.  4: 
112,  1975.  — 

1460. 

Pollmann,  L.  Continuous  measurements  of  heart  and  respiratory  rate  during  a 
long-term  experiment  with  an  Inverted  activity  cycle  (abstract).  Int.  J. 
Chronoblol.  3:  9,  1975.  ” 
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1461. 

PolzelU,  D.  J.  Effects  of  sleep  deprivation  on  short  term  recognition 
memory.  Exp.  Psychol.  104:  194-200,  1975. 

A probe  recognition  short  term  memory  paradigm  was  used  to  Inquire 
Into  the  precise  effects  of  sleep  deprivation  on  human  memory*  It  was 
found  that  recognition  performance,  as  measured  by  d',  was  generally 
Impaired  for  each  subject  after  24  hr  of  sleep  deprivation.  While  d* 
was  shown  to  decrease  exponentially  as  the  number  of  Items  Intervening 
between  the  target  and  the  probe  Increased,  this  decay  rate  was  not 
affected  by  sleep  loss.  In  addition  there  was  confirmation  of  a 
previously  observed  Increase  In  the  positive  skewness  of  reaction 
times  after  wakefulness.  The  data  were  consistent  with  the  hypothesis 
that  sleep  deprivation  Increases  the  the  occurrence  of  lapses,  periods 
of  lowered  reactive  capacity#  which  prevent  the  encoding  of  Items  In 
short  term  memory. 

1462. 

Ponomarenko,  I.  I., and  V.  I.  Belyavskaya.  Comparative  characterization  of 
physiological  shifts  during  studies  In  students  of  technical  and  biological 
departments.  Gig.  Trud.  Prof.  Zabol . 15;  33-36,  1971. 

Some  bodily  functions  of  students  at  Institutions  of  higher 
learning  engaged  In  relatively  different  types  of  mental  work  were 
studied  under  natural  conditions.  Psychological  tests  of  "addition  of 
digitals  with  switch-over",  chronoreflexometry#  Marti net-Kushelevsky 
functional  test  were  used  for  the  purpose.  The  final  materials  bear 
witness  to  the  expediency  of  a differentiated  approach  to  the 
organization  of  the  teaching  process  at  diverse  departments.  The  use 
of  psychological  tests  demonstrated  their  high  sensitivity  and  the 
possibility  of  employing  them  both  In  studying  the  general  mental 
performance  capacity  and  In  establishing  the  extent  of  functional 
changes,  depending  upon  different  typos  of  mental  activity* 

1463.  • 

Popescue-Neveanu,  F.,  M.  Mamall.  and  P.  Ene.  Aspects  of  operators  fatigue 
determined  by  night  work  and  shift  work.  Rev.  Psychol . 12:  345-366,  1966. 

1464. 

Poppel,  E.  Jet  travel  - bo<1y  and  soul.  Mew  Scl.  : 232-235,  1972. 

The  physiological  upsets  caused  by  "jet  lag"  - the  result  of 
flying  through  several  time  zones  - are  now  well  known.  But  the 
general  desynchronisation  of  Internal  bodily  rhythms  caused  by  jet  lag 
also  results  In  a phase  shift  between  physiological  and  psychological 
functions.  Neurotics  seem  particularly  susceptible  to  this  temporary 
dislocation  of  bo4y  and  mind. 

1465. 

Post,  R.  M.,  J.  Kotin,  and  F.  K.  Goodwin.  Effects  of  sleep  deprivation  on 
mood  and  central  amine  metabolism  In  depressed  patients.  Arch.  Gen. 
Psychlatr.  33:  627-632,  1976.  
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Potv1n»  A.  R.,  J.  G.  Salamf,  and  W*  G.  Crosier.  Effects  of  secobarbital  on 
performance  upon  arousal  from  stase  4 sleep.  Appl.  Neuropbyslol.  38: 

240-250,  1975.  ^ 

Secobarbital  or  placebo  was  administered  to  six  subjects  In  a 
random  double-blind  crossover  design.  The  subjects  were  Interrupted 
from  stage  4 sleep  and  required  to  perform  a battery  of  tests. 

Compared  to  control  scores  the  results  Indicate  that  secobarbital  had 
a negligible  effect  (less  than  5X)  on  hand  tapping  coordination  and 
dynamic  steadiness;  a slight  (5  - lOS)  performance  decrement  on  hand 
tapping  speed,  critical  tracking  ablll^,  step  reaction  time,  step 
movement  time,  and  mental  arithmetic;  a moderate  decrement  (20  - 40  t) 
on  visual  plus  auditory  tracking  ability*  ond  auditory  tracking 
ability,  and  121  Improvement  on  static  steadiness.  Few  changes  were 
statistically  significant.  Performance  was  near  normal  upon  morning 
awakening.  Secobarbital  appeared  to  adversely  affect  performance 
primarily  on  those  tasks  requiring  fast  reactions  and  skilled  hand-eye 
coordination  ability  In  response  to  unpredictable  events. 

1467. 

Poulton,  E.  C.,  G.  N.  Hunt,  A.  Carpenter,  and  R.  S.  Edwards.  The  performance 
of  junior  hospital  doctors  following  reduced  sleep  and  long  hours  of  work. 
Ergonomics  21:  279-295,  1978. 

1468. 

Powell,  P.  I.,  M.  Hale,  J.  Nartin,  and  M.  Simon.  2000  Accidents:  A 
shop-floor  stu(ty.  London:  National  Institute  of  Industrial  Psychology,  1971. 

1469. 

Powell,  E.  W.,  J.  N.  Pasley,  L.  E.  Scheving.  Effects  of  suprachlasmatic 
nucleus  (SCN)  on  the  circadian  rhythm  of  mitotic  activity  In  the  corneal 
epithelium  of  the  mouse.  Chronoblologla  6:  145,  1979. 

Recently  great  deal  of  Interest  has  centered  around  the 
suprachlasmatic  nucleus  (SCN)  of  the  hypothalamus  as  a generator  of 
rhythms.  Some  Investigators  have  reported  the  abolishing  of  the 
rhythm  In  core  teii|)erature,  serum  corticosterone,  locomotor  activity 
and  feeding  and  drinking.  On  the  other  hand  others  have  reported  that 
the  rectal  temperature  and  core  temperature  rhythms  persist,  although 
modified,  subsequent  to  SCN  ablation. 

He  have  studied  the  effect  of  SCN  ablation  on  the  mitotic  Index 
rhythm  of  the  mouse  corneal  epithelium  and  found  that  this  rhythm  was 
dramatically  reduced  In  amplitude  and  phase  advanced  by  4 h.  The  data 
show  that  caution  should  be  exercised  when  generalizing  about  the 
effects  of  ablation  of  the  SCN,  and  they  certainly  challenge  the 
statement  frequently  made  that  ablation  of  the  SCN  abolishes  circadian 
rhythms. 
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Presser.  N.  B*  Tenporal  data  relating  to  the  human  menstrual  cycle.  In: 

BlorhytNas  and  Human  Reproduction,  edited  by  M.  Ferin,  F.  Halberg.  R.  M. 

Richert.  an^T.  L.  vandwicle.  Hew  York:  John  Wiley,  1974,  pp.  145-160. 

In  this  review  of  menstrual  length  and  variability  the  author 
reports  studies  In  which  mean  cycle  length  varies  from  27.3  to  33.9 
days.  In  longitudinal  studies  of  Individual  women,  menstrual  cycle 
standard  deviations  were  found  ranolng  from  2.1  - 4.3.  The  length  of 
the  menstrual  cycle  per  woman  declines  with  age. 

1471. 

Preston,  F.  S.  Further  sleep  problems  In  airline  pilots  on  world-wide 

schedules.  Int.  Cong.  Aviat.  Space  Med.  20th,  Nice,  1972,  preprints,  p.  36. 

This  stu<ty  follows  previous  work  carried  out  on  airline  pilots 
operating  long-haul  trans-meridian  routes  with  particular  respect  to 
the  sleep  patterns  obtained  at  slip  stations  en  route. 

The  author  accompanied  a B.  707  crew  on  a long  trans-meridian  tour 
when  all  members  kept  careful  sleep  logs  for  a period  of  one  month  and 
the  data  obtained  shows  clear  evidence  of  sleep  deficit  occurring  In 
tours  of  this  nature  with  some  evidence  of  age  variation  In 
Individuals.  The  practical  problems  In  scheduling  crews  In  such 
operations  are  discussed  In  some  detail  In  relation  to  performance, 
the  use  of  hypnotics,  and  difficulties  surrounding  pilots  In  bidding 
for  successive  tours  which  mey  result  In  sleep  deprivation. 

1472. 

Preston,  F.  S.  Aspects  of  sleep  regulation  In  airline  pilots.  In:  Use  of 

Medication  and  Drugs  In  Flying  Personnel,  edited  by  H.  S.  Fuchs. 

Neuilly-sur-Seine:  nATo,  Advisory  broup  for  Aerospace  Research  and 

Development,  AGARD-CP-106,  1973,  pp.  A41-A47. 

Probably  the  greatest  problem  facing  long  haul  civil  airlines  Is 
the  need  to  ensure  that  pilots  are  given  adequate  time  while  on  a tour 
of  duty  to  ensure  sufficient  sleep  and  so  enable  them  to  cope 
successfully  with  the  ensuing  period  of  work.  The  problem  on  long 
haul  routes  Is  greatly  compounded  by  the  effect  of  time  zone  changes, 
night  flights  and  changes  of  a climatic  nature  which  all  affect  the 
Individual's  ability  to  achieve  sleep  on  arrival.  There  Is  definite 
evidence  of  cumulative  sleep  loss  on  longer  trans-meridian  routes.  As 
a result,  the  Individual  pilot  may  be  teopted  to  use  hypnotics  which 
he  can  purchase  freely  over  the  counter  In  some  parts  of  the  world 
without  medical  supervision.  In  addition,  he  may  use  alcohol  for  Its 
hypnotic  action  or  combine  with  other  hypnotics  which  may  affect  not 
only  his  fitness  to  fly  on  the  next  day,  but  have  addictive  and 
cumulative  effects.  The  problems  are  discussed  for  a long  haul 
airline  and  some  sugMstlons  are  made  for  controlling  the  situation 
from  both  the  medical  and  executive  standpoints. 
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Preston.  F.  S.  Transport  flying  and  circadian  rhythm.  lATA  Conference  20/MP 
60.  1975 
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Preston.  F.  S.  The  health  of  femle  air  cabin  crews.  Occup.  Ned.  20: 
597-600.  1978.  
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Preston.  F.  S.  Temporal  discord.  J.  Psychosom.  Res.  22:  377-383.  1978. 


Airline  crews  are  subject  to  the  effects  of  sudden  and  often 
drastic  changes  In  their  circadian  cycles  In  trans-mridlan  flight 

?u1te  apart  form  obvious  changes  In  cllmte.  These  changes  result 
nevltably  In  sleep  deprivation  and  Impaired  mntal  performance  In 
skilled  tasks. 

In  an  attempt  to  measure  these  mental  perfonunce  changes  a series 
of  experlmnts  was  carried  out  In  the  University  of  Nanchester  s 
Isolation  Unit  at  Risley  using  groups  of  airline  stewardesses  as  test 
subjects.  Simulated  changes  of  tim  were  mde  representing  easterly 
and  westerly  flights  of  long  duration  and  the  subjects  were  asked  to 
complete  a battery  of  workload  tasks  Including  addition,  reaction 
time,  short-term  memory,  vigilance  and  visual  search.  The  results  of 
these  experlmnts  are  discussed  and  their  possible  application  to 
airline  scheduling  and  passenger  travel. 
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Preston,  F.  S.,  S.  C.  Batemn,  F.  H.  Nelchen,  R.  Wilkinson,  and  R.  Short. 
Effects  of  tim  zone  changes  on  performnce  and  physiology  of  airline 
personnel.  Aviat.  Space  Environ.  Ned.  47:  763-769,  1976. 
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Preston,  F.  S.,  S.  C.  Batemn,  R.  V.  Short,  and  R.  T.  Wilkinson.  Effects  of 
flying  and  of  tim  changes  on  mnstrual  cycle  length  and  on  performnce  In 
airline  stewardesses.  Aerosp.  Ned.  44:  438-443,  1973. 

The  paper  describes  a study  <*“•  the  effects  of  traiismridlan 
flights  on  the  mnstrual  cycle  Vength  of  29  airline  stewardesses. 

From  this  group,  eight  stewardesses  were  selected  for  further  study  In 
an  Isolation  unit  at  the  a (hilverslty  of  Nanchester.  Four  subjects 
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spent  four  d^ys  as  a control  group  and  Mere  not  subjected  to  time-zone 
changes,  of  eight  hours,  each  representing  long  easterly  flights. 

Both  groups  Mere  required  to  complete  a similar  battery  of  Morkload 
tasks  during  Isolation.  These  tests  Included  Addition,  Reaction  Time, 
Short-term  Memory,  Vigilance  and  Visual  Search.  Only  one  subject  of 
the  time-zoned  group  shoMed  ary  change  In  menstrual  cycle  length,  but 
there  Mas  a significant  Impairment  In  efficiency  of  this  group  both 
over  the  performance  tasks  as  a whole  and  In  particular  In  the  ability 
to  react  quickly,  memorize  and  search. 

1481. 

Preston,  F.  S.,  S.  C.  Bateman,  R.  V.  Short,  and  R.  T.  Wilkinson.  The  effKts 
of  flying  and  of  time  changes  on  menstrual  cycle  length  and  on  performance  In 
airline  stewardesses.  In:  Biorhythms  and  Human  Reproduction,  edited  by  M. 
Ferin,  F.  Hal  berg,  F.  M.  R1  chart,  and  rTT.  Vande  Wiele.  New  York:  Wiley, 
1974,  pp.  501-112. 
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air  cabin  crew.  Aerosp.  Med.  44:  931-935,  1973. 

In  recent  years  there  have  been  a number  of  studies  of  the  changes 
In  circadian  rhythms  and  their  effect  on  the  sleep  of  pilots.  Little 
definitive  work  has  been  carried  out  on  this  aspect  as  It  affects  air 
cabin  crews.  As  part  of  a cabin  crew  workload  study  In  BOAC  the  sleep 
patterns  of  12  stewards  and  12  stewardesses  were  studied  for  i^rlods 
of  about  14  weeks.  Attempts  were  made  to  correlate  sleep  loss  with 
variables  such  as  time  zone  change,  days  away  on  tour  and  rest  days 
during  any  given  integration.  In  this  particular  group,  sleep  loss 
seemed  to  be  related  to  the  number  of  night  flights,  at  local  time, 
per  tour  and  not  to  time  zone  changes. 
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1486. 

Price,  W.  Task  force  on  pilot  fatigue,  pp.  16-17. 
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Investigators  13;  11-12,  1880.  . — at 

The  model  described  herein  does  not  presume  to  explain  the  crash 
of  United  Airlines  Flight  2860.  It  Is  designed  as  an  explorative 
projection  In  order  to  search  areas  of  Inquiry  concerning  pilot 
fatigue  which  play  an  Important  and  very  subtle  role  In  debilitating 
human  performance.  Heretofore  the  role  of  human  fatigue  has  all  but 
been  Ignored  In  aviation  accident  Investigation.  It  Is  hoped  that 
this  model  will  Initiate  sufficient  curiosity  so  that  Imiulry  will  be 
conducted  Into  this  area  of  human  factors.  This  model  does  not 
represent  the  opinion  of  the  United  A1r11nes/A1r  Line  Pilots 
Association  Task  Force  on  Pilot  Fatigue. 
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Shirt-work),  edited  ty  A,  Reinberg.  Oxford:  Pergamon  Press,  1880,  In  press. 

The  debilitating  effect  of  circadian  desynchronosis  on  flight 
crews  Is  generally  accepted  worlo-wlde.  It  appears,  however,  that  In 
the  United  States  the  organization  responsible  for  air  carrier 
accident  Investigation  (the  National  Transportation  Safety  Board, 

NTS6),  does  not  recognize  that  these  debilitations  can  contribute  to 
air  carrier  accidents.  The  authors  have  analyzed  a fatal  air  carrier 
crash.  United  Airlines  Freighter  near  Salt  Lake  City*  Utah,  December 
18,  1977,  and  have  hypothesized  a probable  sequence  of  events  leading 
to  the  trage<ty.  The  NTS8  determined  the  crash  to  be  caused  by 
Imprecise  communication  procedures  by  the  pilots  and  controller,  and 
Imprecise  adherence  to  flight  procedures.  The  authors  propose  that 
this  Impreciseness  may  have  resulted  from  fatigue  caused  by  frequently 
changing  shift-work  schedules  and  that  this  fatigue  fostered  a series 
of  errors  that  compounded  Into  the  fatal  crash. 

1490. 

Pternitls,  C.  Sh1ft-work(3x8):  Workload,  fatigue  and  alertness  (abstract). 
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A method  Is  described  for  fitting  circadian  rhythm  phase  shifted 
data  using  a beta-distribution  function  by  means  of  non-linear  least 
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pinealectofflized  rats  which  were  phase  shifted  to  quantitatively 
determine  rephasal  duration. 
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worked,  the  night-shift  especially  being  associated  with  the  taking  of 
frequent  snacks;  (4)  that  despite  the  latter,  there  was  no  change 
either  In  the  mean  24h  caloric  Intake,  or  In  the  percentage  of  protein 
In  this  Intake  In  the  different  shifts;  (5)  that  there  was  a rapid 
phase  adjustment  of  physiological  circadian  rhythms  In  each  of  the 
five  shiftworkers  to  changes  In  work  hours.  The  contrast  between  the 
constancy  of  the  timing  of  major  meals,  and  the  shift  of  the  timing 
of  the  circadian  rhythm  acrophases.  Indicates  that  meal  timing  has 
little  If  ary,  synchronising  effect  on  rhythms  In  shiftworkers.  It 
would  appear  that  a precise  mechanism  for  controlling  food  Intake 
exists,  since  the  pattern  of  such  Intake  persists  when  environmental 
conditions  are  altered. 
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1532. 

Reinberg*  A*»  C«  Migraine,  M*  Apfelbaum,  L.  Grigant,  J*  Ghata,  N*  Vieux,  A. 
Laporte,  and  A.  Nicolai.  Circadian  and  ultradlan  rhythms  In  the  feeding 
behavior  and  nutrient  Intakes  of  oil  refinery  operators  with  shift-work  every 
3-4  days.  Diabete  and  MetaboHsme  S;  33-41,  1979. 

Seven  healthy  adult  men,  five  shift-workers  and  two 
non-shift-workers  (from  21  to  36  years:  mean  • 26.4)  volunteered  to 
record  what  and  when  they  ate,  both  at  work  and  at  home,  every  day* 
during  eight  consecutive  weeks  (Oct.  - Dec.  1974).  1)  All  the 
subjects  maintained  the  timing  of  main-meal  (lunch  and  supper)  during 
all  shifts.  2)  The  major  Intake  of  protein  and  lipid  was  concentrated 
on  the  two  main  meals  during  all  shifts.  3)  only  the  pattern  of 
carbohydrate  Intake  was  modified  by  the  shift-work:  e.  g.  night-shift 
Is  associated  with  nibbling  behavior;  4)  However,  shift-work  and  In 
particular  the  occurrence  of  nibbling  behaviour  did  not  result  In 
change  either  In  the  mean  24  h caloric  Intake,  or  In  the  percentage  of 
protein  calories.  5)  The  conparlson  between  the  constancy  of  the 
timing  of  major  meals  and  shift  of  the  timing  of  circadian  rhythm 
acrophases  of  the  5 shift-workers  leads  to  conclude  that  meal  timing 
had  a poor  synchronizing  effect.  If  any. 

1533. 

Reinberg,  A.,  M.  H.  Smolensky,  J.  Ghata,  and  P.  Gervals.  A chronoblological 
approach  to  the  normal  menstrual  cycle.  Int.  J.  Chronoblol.  1:  3S4-35S,  1973. 

A series  of  studies  demonstrated  menstrual  rhythms  for  6 CNS  end 
points,  22  systemic  variables  and  21  cervical  and  endometrial 
variables.  In  additon  they  found  menstrual  modulation  of  circadian 
rhythm  mean,  amplitude  and  phase. 

1534. 

Reinberg,  A.,  N.  Vieux,  P.  Andlauer,  P.  Gulllet,  A.  Laporte,  and  A.  Nicolai. 
Oral  temperature,  circadian  rhythm  amplitude  tolerance  to  shift-work.  In: 
Chronoblological  field  studies  of  oil  refinery  shift-workers.  Chronoblologla 
(suppl.  1)  6:  1-119,  1979. 

1535. 

Reinberg,  A.,  N.  Vieux,  P.  Andlauer,  P.  Gulllet,  and  A.  Nicolai.  Tolerance  of 
shift-work,  amplitude  of  circadian  rhythms  and  aging  (abstract).  In:  Int. 

Symp.  on  Night-  and  Shift-work.  5th,  Rouen,  FR.,  1980,  p.  Vl-6. 

1536. 

Reinberg,  A.,  N.  Vieux,  J.  Ghata,  A.  J.  Chaumont,  and  A.  Laporte.  Circadian 
rhythm  amplitude  and  Individual  ability  to  adjust  to  shift  work.  Ergonomics 
21:  763-766,  1978.  

1537. 

Reinberg,  A.,  N.  Vieux,  J.  Ghata,  A.  Chaumont,  and  A.  Laporte.  Is  the  rhythm 
amplitude  related  to  the  ability  to  phase-shift  circadian  rhythms  of 
shift-workers?  J.  Physiol.  (Paris)  74:  405-409,  1978. 


1538. 

Refnberg.  A.,  N.  Vieux,  A.  Laportt*  J.  Ghata,  and  C.  Migraine.  Rapid 
adjustment  of  circadian  rlo^thms  In  shift  worker  of  an  oil  refinery.  £cfl£* 
Con^r.  Int^^Erjon^lcs  Assoc..  6th,  Santa  Monica,  Ca.:  Human  Factors  5oc., 

Some  subjects  (selected  shift-workers)  are  able  to  rapidly  adjust 
(within  1 or  2 deys)  the  timing  of  their  physiological  circadian 
rhythms  to  changes  of  work-rest  schedule  In  the  24  h scale.  In  shift 
workers,  able  to  adjust  quickly,  the  rapid  rota'.lon  of  shifts  (304 
dqys)  seems  to  be  well  tolerated  from  a chronophyslological  point  of 
view.  This  fact  has  to  be  kept  In  mind  since  socially  as  well  as 
psychologically  the  rapid  rotation  Is  preferred  to  the  conventional 
weekly  shift. 

1539. 

Reinberg,  A.,  N.  Vieux,  A.  LaPorte,  C.  Migraine,  J.  Ghata,  C.  Abulker,  J. 
Dupont,  and  A.  Nicolai.  Ajustement  de  rhythmes  circadlens  physiol oqlques 
d'operateurs  d'une  raffinerle,  lors  de  changements  d'horalres  travail-repos 
tous  les  3 - 4 jours  (Adjustment  of  physiological  circadian  rhythms  to  shifts 
In  the  work-rest  schedule  every  3-4  dAys  In  oil  refinery  operators).  Arch. 
Mai.  Prof.  Med.  37:  479-494,  1976.  

1540. 

Reiter,  R.  Unweltelnfluesse  auf  die  Reactlonszelt  des  gesunden  Nenschen. 
Nuench . Med*  Wschr.  96:  526,  1954. 

The  period  of  cyclical  variability  of  reaction  time  Is  found  to  be 
age  dependent* 


1541. 

Renemann,  H.  H.,  K.  Wink,  and  H.  Reindell.  Fitness  for  air  travel  - the 
medical  point  of  view.  Med.  Klin.  69:  1311-1316,  1974. 

The  stresses  of  air  travel  on  medical  patients  are  described  as 
well  as  the  airlines'  obligation  with  respect  to  transporting 
patients.  A number  of  heart,  circulation  system  and  other  diseases 
are  evaluated  with  respect  to  air  travel  safety* 

1542. 

Renlos,  P.  G*,  and  R.  0.  Shepard,  editors.  Shift  Work  and  Health. 

Washington,  0.  C.:  U.  S.  Oept.  H.E.W,  Publ Icano^rTHor  WoSKT  7^-203,  1976, 
283  pp. 

1543. 

Reshetyuk,  A*  L*,  L.  G.  Vanin,  V.  N.  Vasilkov,  et  a1.  Effectiveness  of 
physiologically  rational  Intershift  work  schedules  of  development  and  breakage 
face  stopers  In  coal  mines  of  the  Donetsk  basin.  Gig.  Trud.  Prof.  Zabol . 20: 
6-9,  1976.  
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1544. 

Rey,  6.,  H.  Riedwyl,  and  A.  Widraer.  Zur  “tehre  von  den  Blorhythmen"  nach  FI  less 
(On  “Theoiy  of  b1orl\ythms"  according  to  F11e$$).  Sozlal-  und  Praventlvwed. 

2l!  43"46i  1976. 

More  than  lOOOw  ’*ase$  of  suicide  In  Switzerland  from  1961  to  1970 
were  used  to  test  tne  hypothesis  that  biorhythm  cycles  result  In 
differences  In  the  frequencies  of  suicides  at  different  days  of  the 
cycles.  In  particular,  at  critical  days.  The  results  did  not  support 
the  hypothesis;  there  was  no  Indication  of  a verification  of  the 
biorhythm  theory. 

1545. 

Richardson,  J.  E.  CFIT:  A human  factors  problem.  Aerospace  Safety* 

February,  1978.  pp.  2-5. 

1546. 

Richter,  C,  P.  "Dark -active"  rat  transformed  Into  "light-active"  rat  by 
destruction  of  24-hour  c1oc»{;  function  of  24-hr  clock  and  synchronizers. 

Proc.  Natl.  Acad.  (USA)  75;  6276-6280,  1978. 

1547. 

Rietveld,  W.  J.,  F.  Ten  Hoor,  M.  Koolj,  and  H.  Flory.  Changes  In  24-hour 
fluctuations  of  feeding  behavior  during  hypothalamic  hyperphagla  In  rats. 
Physiol.  Behav.  21:  615-622,  1978. 

1548. 

Robson,  8.  M.,  et  al.  Some  Effects  of  Disturbed  Sleep  on  a Simulated  Flying 
Task.  RAE  Farnborough  TecF.'  Report  7T057,  1974. ^ ^ 

1549. 

Rockwell,  0.  A.  The  Jet  lag  syndrome.  West.  £.  Med.  122:  419,  1975. 

1550. 

Rockwell.  D.  A., M.  G.  Hodgson,  J.  R.  Beljan,  and  C.  M.  Winget.  Psychologic 
and  psychophyslologic  responses  to  105  days  of  social  Isolation.  Aviat.  Space 
Environ.  Med.  47:  1087-1093.  1976.  

The  responses  of  nine  subjects  to  105  d of  social  Isolation  are 
reported.  The  study  reveals  that  crew  selection  plus  ongoing  support 
by  psychiatric  staff  permits  continued  function  In  an  exotic  milieu. 
Prediction  of  psychophyslologic  synptoms  was  possible  using  paper  and 
pencil  tests.  Trait  anxiety  was  altered  by  the  Isolation  In  a 
psychologically  healthy  direction.  Sudden  time  shifts  of  8 h led  to 
an  Immediate  significant  Increase  In  depression,  aggression,  and 
hostility*  and  are  accompanied  by  marked  1;)creases  in  physical 
symptoms.  During  the  first  free-running  phase  of  the  experiment 
simlf leant  shifts  were  found  on  four  psychological  measures.  The 
shifts  Indicate  that  subjects  became  less  trusting,  more  orderly,  more 
routinized,  less  energetic,  and  more  depressed.  A reducer-augmenter 
scale  predicted  the  number  of  psychophyslologic  complaints  reported  by 
Individual  subjects  while  Isolated.  A group  Interaction  effect  on 
circadian  rhythms  was  Isolated  but  needs  further  examination. 
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Rockwell,  0.  A.,  C.  N.  Winget.  L.  $.  RosenbUtt,  E.  A.  Higgins,  and  N.W. 

Biological  aspects  of  suicide.  J,  Nerv.  Went.  01s.  IB6: 
851-858,  1978.  ~ 


Disturbances  In  the  circadian  rhythnlclty  of  biological  functions 
have  been  reported  In  various  mental  disorders.  Four  lines  of 
research  • hormonal,  electroencephalographic,  cerebral  spinal  fluid, 
and  circadian  rhythmicity  * suggest  possible  changes  In  suicidal 
Individuals.  During  a study  Investigating  the  effect  of  a photoperiod 
shift  on  circadian  rhythms,  15  male,  healthy*  normal  subjects  were 
used.  Following  a 5-day  baseline  period  a 12-hour  photoperiod  shift 
took  place  and  was  followed  by  10  days  of  recovery  period.  Multiple 
parameters  were  monitored.  Two  weeks  following  completion  of  the 
study  one  subject  suicided.  The  data  were  examined  to  determine 
whether  the  suicided  subject  differed,  rhythmically,  from  other 
subjects.  Summation  dials  describing  phase  changes  and  vector 
difference  dials  describing  dynamic  phase  relationships  of  rhythm 
pairs  showed  that  the  rhythms  of  this  subject  were  poorly  synchronized 
Internally  during  baseline.  Total  urinary  output  of  all  parameters 
was  lower  than  all  other  subjects  during  baseline  and  more  of  his 
urinary  parameters  rephased  Incompletely  during  recovery.  The  results 
suggest  that  circadian  asynchrony  and  an  Inability  to  respond 
effectively  to  a phase  shift  may  characterize  a presulcldal  state. 
These  results  are  discussed  In  terms  of  the  four  lines  of  research 
Involving  biological  aspects  of  suicide  and  suggest  some  Intriguing 
Interactions. 
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Rodahl,  A.,  M.  O'Brian,  and  R.  6.  R.  Firth.  Diurnal  variation  In  performance 
of  competitive  swimmers.  £.  Sport  Med.  16:  72-76,  1976. 

1553. 

Rodgers,  C.  U.,  R.  L.  Sprinkle,  and  F.  H.  Lindberg.  Biorhythms:  Three  tests 
of  the  predictive  validity  of  the  'critical  days'  hypothesis.  Int.  J. 
Chronoblol.  2:  247-252,  1974.  


Self-ratings  (37  days  from  20  subjects),  work  ratings  (an  average 
of  17  days  from  9 subjects)  and  sleep-ratings  (an  average  of  53  nights 
from  10  subjects)  were  obtained  from  psychotic  mental  patients  and  chi 
square  analysis  was  performed  on  rating  scores  with  respect  to 
biorhythm  cycle  critical  or  non-critical  days.  Ho  significant 
differences  were  found  between  rating  scales  on  non  critical  days  and 
single  or  double  critical  days.  The  authors  speculate  that  these 
psychotic  subjects  are  not  normal  In  the  sense  that  their  biorhythms 
do  not  conform  to  biorhythm  theory.  In  this  connection  It  would  have 
been  more  Interesting  If  they  had  performed  multiple  regression  or 
time  series  analysis  on  the  rating  scores  to  see  If  unusual  Infradlan 
periodicities  were  present  In  the  rating  scores. 
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Roessler,  R.  Physiological  correlates  of  optimal  performance.  Washington,  0. 

C.:  NASA  Office  of  Grants  and  Research  Contracts,  N71-3S236,  1971,  50  pp. 

1555. 

Rohles,  F.  H.,  Jr.  Drive  and  performance  modification  following  iwiltiple 
(dark -dark)  shifts  In  the  photoperiod.  Aerosp.  Med.  42:  1167-1172,  1971. 

1556. 

Rohles,  F.  H.,  Jr.,  and  6.  Osbaldlston.  Social  entrainment  of  biorhythms  In 
Rhesus  monkey.  In:  Circadian  Rhythms  In  Non-human  Primates,  edited  by  F.  H. 
Rohles.  Bibl.  Prlmaio).  9;  39-5l.  flasei-wew  Vork;  s.  karger,  1969. 

1557. 

Rohles,  F.  H.,  and  C.  H.  Ptacek.  Drive  and  performance  modification  following 
multiple  (light-light)  shifts  In  the  photoperiod.  Aerosp.  Med.  44:  135-139,  T973. 

The  effects  of  12-hour  phase  shifts  In  the  light-dark  cycle  on 
feeding  behavior  and  performance  were  studied  by  requiring  monkeys  to 
perform  an  18-componnnt  serial  task  for  all  of  their  food  ad  11b.  The 
photoperiod  of  12  hours  11ght/12  hour  dark  was  advanced  by  I?  hours 
(light-light  shift)  and  was  advanced  again  when  the  slower  of  the  two 
subjects  received  none  of  Its  food  on  two  consecutive  dark  periods. 

Ten  shifts  were  made  and  the  results  showed  that  between  7 and  11  days 
were  required  to  reach  criterion  of  "no  dark-phase  eating."  When 
coaa>ared  with  an  earlier  study  Involving  multiple  dark-dark  shifts, 
performance  was  Impaired  less  following  the  light-light  shift; 
however,  resynchronization  of  the  feeding  behavior  was  lonqer 
following  the  light-light  shifts  than  after  the  dark -dark  shifts. 

1558. 

RohMrt,  W.,  G.  Hlldebrandt,  and  J.  Rutenfranz.  Nacht-  und  Schichtarbelt  von 
Triebfahrzeugfuhrern.  2.  Mlttef'uno.  Untersuchungen  uber  die 
Dienstplangestaltung  (Night  and  shift  work  of  locomotive  engineers.  2nd 
Report.  Investigations  on  the  organization  of  dally  service  schedules).  Int. 
Arch.  Arbeltsmed.  33:  99-114.  1974.  (transl.  In  Engl,  by  NASA.  NASA  TT  F-TCT 
2297) 


Analyzing  the  present  regulation  of  work  for  engine  drivers  of  the 
German-railroad  demonstrates  that  discontinuity  Is  the  outstanding 
characteristic  of  their  work  schedule.  All  shifts  are  changed  dally 
so  that  the  driver  Is  subject  to  an  alteration  In  route,  starting 
time,  working  time,  and  In  the  particular  engine  driven.  For 
discussion  of  negative  physiological  and  social  effects  of  today's 
shift  work  we  analyzed  the  structure  of  the  shift.  Specific 
time-tables  of  engine  drivers  In  two  German  stations  are  discussed. 

Practical  suggestions  are  given,  aimed  at  avoiding  negative 
effects  of  work  schedules  that  put  Intolerable  strain  on  engine 
drivers. 
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Rohmert,  W.,  and  H.  Luczak.  Studies  on  part  time  shift  work  and  rest  periods 
In  repetitive  mental  work.  Int.  Arch.  Arbeltsmed.  31:  171-191,  1973. 
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ftoiMno,  S.«  L.  BlrlccM.  P*  T.  Scarpcill,  and  A.  Contfglasnf.  Spactronetry  of 
some  vital  signs  sanplad  by  autorKythsKMietry*  Influanca  of  rast-activlty 
shifting  (abstract).  Chronoblologla  4;  144*145,  1977. 

1561. 

Ronchl,  L.  Intra*day  variations  In  visual  raponsivanass.  Spaca  Ufa  Scl.  4: 
231-239,  1973.  

1562. 

Ronchl,  L.  Hunan  biological  and  parfomanca  rhythns.  In  tha  frana  of 
Illuminating  anginaaring.  Attl.Fond.  6.  Ronchl  31;  405-406,  1976. 

Tha  report  Is  a brief  review  of  the  literature  c>ncam1ng  tha 
possible  Influence  of  lighting  on  'rhythms'  In  human  beings.  Thera  Is 
a paramount  of  lltaratura  on  the  so  called  'biological  rhythms  , which 
concern  soma  basic  functions  of  tha  body*  Another  chapter  of  research 
deals  with  the  rhythms  of  both  j^rformance  and  responsiveness.  The 
link  between  these  2 fields  Is  by  the  cyclical  variation  of  body 
temperature,  which  has  been  found  to  be  related  to  both  biological 
rhythms  aud  perfonMnce  rhythms.  For  animals,  the  light  dark  cycle 
rapreseiius  a strong  Zaltbabar,  for  the  entrainment  of  several 
functions.  For  man,  the  light  dark  cycle  seems  to  be  a weak 
Zeitgeber,  compared  to  social  cues,  waking  sleep  cycle,  knowledge  of 
time,  etc.  However  there  seems  to  be  a link  between  performance 
rhythms  on  one  side  and  both  quality  and  quantity  of  light,  on  the 
other  side,  through  fatigue,  which  depends  on  the  time  of  the  day. 

The  relationship  with  fatigue  Is  not  simple,  because  of  the 
Interaction  between  the  2 parameters.  Intensity  and  spectral 
composition.  The  term  'action  spectrum*  should  be  used,  therefore.  In 
Its  broadest  and  more  complex  sense. 
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Ronchl,  L.,  and  L.  Barca.  Biological  rhythms  and  rhythms  of  performance,  an 
annotated  bibliography.  I.  On  the  link  between  biological  rhythms  and 
performance  rhythms.  Attl.  Fond.  G.  Ronchl  31:  781-830,  1976. 
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Ronchl,  L. , and  L.  Barca.  Biological  rhythms  and  rhythms  of  performance.  An 
annotated  bibliography*  III*  Research  on  animals.  Attl,  Fond. G. Ronchl  31: 
987-1007,  1976*  
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Ronot,  P.  Suggestions  pour  des  horalres  de  nult.  (Suggestions  for  night 
schedules).  Arch.  Mai.  Prof.  Med.  39:  535-536,  1978. 
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Rcmo*.  a.  H*  Strtss  and  workload  In  pilots*  Aviat*  Spact  Environ.  Had*  49: 

630-636,  1978.  

Several  studies  have  highlighted  the  Increase  In  physiological 
activity  which  occurs  In  pilots  during  flight  and  especially  during 
takeoffs  and  landings.  For  exaig>1e.  It  has  been  clearly  demonstrated 
that  pilots'  heart  rates  Increase  during  the  landing  approach  to  reach 
a peak  at  or  just  before  touchdown*  These  changes  have  been  attrl- 
b«ited  to  workload  and  to  psychological  or  emotional  stress.  This 
paper  examines  a number  of  test  pilots*  heart  rate  responses  recorded 
durine  various  flight  trials  Involving  different  typas  of  aircraft. 
Examples  Include  ramp  take-offs  In  a VTOL  fighter,  automatic  landings 
In  foo,  supersonic  flight  through  monsoon  rain,  and  a sortie  In  which 
the  pilot  developed  acute  ai^ndlcltls.  It  Is  concluded  that  heart 
rate  responses  In  experienced  pilots  are  Influenced  almost  entirely  by 
workload-related  factors  and  not  by  emotional  stressors,  such  as  risk 
and  anxiety.  Because  of  the  emotional  overtones  of  the  word  "stress," 

It  Is  suggested  that  the  term  workload  should  be  used  when  referring 
to  the  reason  for  Increased  cardiovascular  activity  In  pilots. 
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nochnovo  1 dnevnovo  sna  pri  smennol  rabote  v cyyazi  s problemol  adaptatsll  k 
nochnofflu  trudu  (Structure  of  nocturnal  and  diurnal  sleep  during  shirt  wort  In 
connection  with  the  problem  of  adaptation  to  night  work).  Fizlol.  Chel.  1: 
756-762,  1975.  (Eng*  transl*  in  Human  Physiology  1:  674-6/8,  1975.) 

1571. 

Roth,  T.  M.  Kramer,  H.  lefton,  and  T.  Lutz.  The  effects  of  sleep  deprivation 
on  mood  (abstract).  Sleep  Res.  3:  154,  1974* 

1572. 

Rotondo,  G.  Workload  and  operational  fatigue  In  helicopter  pilots*  Aviat. 
Space  Environ*  Med.  49:  430-436,  1978. 
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The  possible  causes  of  the  operational  fatigue  to  which  flight 
crews  are  subject  during  the  performance  of  their  duties  are  reviewed. 

The  Influence  of  the  physical,  psychic,  and  emotive  components  of  the 
stress  factor  associated  with  the  professional  activities  of 
hcHcopter  pilots  are  analyzed  and  their  effects  In  the  genesis  of 
fatloue  Is  assessed.  On  the  basis  of  this  analytical  survey.  H Is 
possible  to  conclude  that  the  piloting  of  helicopters  Involves  a 
psycho-physical  workload  that  Is  not  Inferior  to  the  one  experienced 
by  the  pilots  of  faster  and  more  powerful  aircraft. 

1573. 

Rowan,  R.  Jet  lag  isn't  just  a state  of  mind.  Fortune  97:  140-145.  197. 

198,  200,  202«  Aug.  1976.  

1574. 

Rubin,  R.  T. , and  R.  E.  Poland.  Synchronies  between  sleep  and  endocrine 
rhythms  In  man  and  their  statistical  evaluation.  Psychoneuroendocrinol.  1: 
281-290,  1976. 

The  transitions  between  wakefulness  and  sleep  are  periodic  and 

Juantiflable,  and  because  they  represent  major  changes  In  the 
unctlonal  activity  of  the  CNS.,  they  have  been  used  as  paradigms  for 
the  study  of  CNS  Influences  on  endocrine  functioning.  Sleep-endocrine 
studies  have  shown  that  hormones  are  secreted  In  a pulsatile,  episodic 
fashion,  and  mary  have  prominent  circadian  and  ultradlan  rhythms 
(e.  g.  adrenocorticotropic  hormone  (ACTK),  growth  hormone  (6H), 
prolactin  (PRL),  testosterone).  (3)  Some  of  these  hormone  rhythms 
closely  linked  to  the  sleep-wake  cycle  (e.g.  PRL)  or  to  the  specific 
stages  of  sleep  (e.g.  GH). 

1575. 

Rudnil,  N.  M.  Effect  of  certain  flight  factors  on  crew  efficiency. 

Voenno-Med.  (6):  51-55,  1973. 

Consideration  of  the  effect  of  hypoxia,  deconpresslon, 
acceleration,  noise,  and  vibration  on  the  efficiency  of  spacecraft 
crew  members.  Particular  attention  Is  paid  to  the  often  subtle 
effects  of  hypoxic  hypoxia  on  crew  efficiency  and  to  certain  factors 
and  conditions  which  can  exacerbate  these  effects.  In  particular,  the 
relation  between  the  effects  of  hypoxia  and  the  pronounced  cyclic 
character  of  human  efficiency  Is  considered,  noting  the  Importance  of 
knowledge  of  diurnal  periodic  patterns  In  estimating  the  effect  of 
even  small  degrees  of  hypoxia  on  crew  efficiency.  A study  Is  then 
made  of  two  commonly  occurring  decompression  disorders  - high-altitude 
muscle-joint  ailments  and  high-altitude  meteorism,  and  the  effect  of 
repeated  flights  Involving  accelerations  on  pilot  efficiency  Is 
considered.  A few  brief  comments  are  made  on  the  effects  of  noise  and 
vibration  under  space  flight  conditions. 

1576. 

Rudnil,  N.,  and  V.  Bodrov.  Allowing  for  psychophyslological  Indicators  of  the 
quality  of  pilot  performance.  Aviatslya  1 Kosmonautika  6;  14-15,  1977. 


1577. 

Rudolf,  G.  A.,  et  «1.  Circadian  rhythm  of  circulatory  functions  In 
de^resslves  and  on  sleep  deprivation.  Int.  Pharmacopsychl atry  12:  174-183, 


1578. 

Rummel,  J.  A.  Rhythmic  variation  In  heart  rate  and  respiration  rate  during 

space  flight  - Apollo  IS.  in:  Chronoblology,  edited  by  L.  E.  Scheving,  F. 

Halberg,  and  0.  E.  Pauly.  Tokyo:  igaku  ^holn,  ltd., 1974,  pp.  435-440. 

1579. 

Rusak,  B.,  and  I.  Zucker.  Biological  rhythms  and  animal  behavior.  Ann.  Rev. 

Psychol.  26:  137-171,  1975. 

1580. 

Rutenfranz,  J.  Arbeltsphyslologische  Aspekte  der  Nacht-  und  Schichtarbelt, 

Arbeltsmed.  Sozlalmed.  Arbeltshyglene.  2:  17,  1967. 

During  the  course  of  his  life,  every  day,  the  human  oroanlsm  Is 
controlled  by  several  Zeitgebers,  both  natural  and  artificial.  When 
passing  from  night-  to  day-work.  In  general,  only  a part  of  those 
factors  which  are  responsible  for  the  phase  of  the  circadian  system, 
undergoes  some  changes.  The  relevant  Zeitgebers  persist  In  their 
natural  phase  relation.  Therefore,  a conflicting  situation  takes 
place,  which  exerts  contradictory  effects  on  the  circadian  system. 


1581. 

Rutenfranz,  J.  Arbeit smedizinische  Gesichtspunkte  zum  Problem  der 
Schichtwechselperlodik.  In:  Ac^elle  Probleme  der  Arbeltsumyelt,  Vol.  38, 
edited  by  J.  Rutenfranz  and  R.  Singer.  Stuttgart:  A.  W.  Gente  Verlag,  19n, 

pp.  61-68. 
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Rutenfranz,  J.  Probleme  der  Schichtarbelt.  Werksarztllches  2;  1-27,  1971. 

1583. 

Rutenfranz,  J.  Risikofactor  Nacht-  und  Schichtarbelt  (Risk  factor  of  night 
and  shiftwork).  Med.  Klin.  69:  12-16,  1971. 

1564. 

Rutenfranz,  J.  Pathcgene  Auswirkungen  von  exogenen  Rhythmusstorungen 
(Pathogenic  effects  of  exogenous  rhythm  disturbances).  Verhdi.  Dtsch.  Ges. 
Inn.  Med.  79;  31-37,  1973.  

1585. 

Rutenfranz,  J.  Physlologische  Grundlagen  der  Industrlearbelt  (The 
physiological  basis  for  Industrial  work).  Zentralbl.  Bakterlol.  Parasitenkd. 
Infectlonskr.  Abtellungl.  158:  219-238,  19/3.  (Translated  into  tngl.  oy  NASA, 
NASA  M F-16,  80BTTW). 
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1586. 

Rutenfranz.  J.  Schichtarbelt  und  blologische  Rhythmik*  Arznelm.  -Forsch.  28: 
1867-1872,  1978. 

1587. 

Rutenfranz,  J.,P.  Knauth,  G.  Hlldebrandt,  and  U.  Rohnert.  Nacht-  und 
Schichtarbelt  von  Triebfahrzeugfuhrern.  1.  Mittellung.  Untersuchungen  uber 
die  tagllche  Arbeltszelt  und  die  ubrige  Tagesauf tel lung  (Night  and  shlftviork 
of  railway  engineers.  1.  Investigations  of  the  dally  working  hours  and  the 
distribution  of  leisure  time  and  sleep).  Int.  Arch.  Arbeltsmed.  32:  243-259, 

1974^ 

1588. 

Rutenfranz,  J.,  J.  Aschoff,  and  H.  Mann.  Wakefulness  period  duration  and  body 
temperature  effects  on  reaction  time  In  multiple  choice  visual  task.  In: 
Aspects  of  Human  Efflclei^y:  Diurnal  Rhythm  and  Loss  of  Sleep.  (Proc.  cf  a 
Syrnp.,  Strasbourg,  Fr.,  19/0).  London:  English  Universities  Press,  Ltd., 
1972,  pp.297-228. 

Description  of  an  experiment  carried  out  during  a three-month  sea 
voyage  to  Investigate  the  Influence  both  of  a cumulative  sleep  deficit 
and  of  the  duration  of  the  Immediately  preceding  period  of  sleep  or 
wakefulness  on  performance  at  different  times  of  night.  In  addition, 
the  simultaneous  measurement  of  reaction  time  and  body  temperature 
carried  out  In  this  study  provided  Information  about  the  dependency  of 
reaction  time  on  body  temperature.  Body  temperature,  reaction  time, 
potassium  excretion,  and  pulse  rate  showed  clear  24-hr  rhythms. 

Restriction  of  sleep  to  about  5 hr /day  had  no  significant  effect 
either  on  the  periodicity  or  on  the  dally  mean  level  of  reaction  time 
Reaction  time  at  night  Is  affected  by  the  duration  of  the  preceding 
period  of  sleep  or  wakefulness.  Both  body  temperature  and  reaction 
time  exhibit  circadian  rhythms. 

1589. 

Rutenfranz,  J.,  and  U.  P.  Colquhoun.  Circadian  rhythms  In  human  performance. 
Scand.  Work  Environ.  Health  5:  167-177,  1979. 

Circadian  rhythms  In  performance  exist  for  a wide  range  of  tasks 
studied  under  laboratory  conditions;  they  also  occur  In  measures  of 
efficiency  obtained  In  real-life  situations.  The  rhythms  appear  to  be 
related  to  the  dally  cycle  of  sleep  "need,"  and  the  largest  negative 
variations  In  performance  are  normally  observed  when  this  need  Is 
greatest.  The  detailed  forms  of  the  circadian  functions  are 
Influenced  to  some  extent  by  Individual  differences  In  age  and 
personality.  However,  task  factors  are  of  equal.  If  not  greater. 
Importance  In  determining  the  nature  of  a performance  rhythm,  since 
Its  basic  phase  Is  markedly  different  In  cases  Involving  memory.  This 
latter  finding  raises  the  practical  problem  of  job  design  In  relation 
to  time  of  day,  and  a taxonomic  approach  Is  suggested  as  the  most 
fruitful  way  of  arriving  at  the  optimal  solution  for  particular  work 
situations  requiring  different  abilities. 
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1590. 

Rutenfranz,  W.  P.  Colquhoun,  and  P*  Knauth.  Hours  of  work  and  shiftwork. 
Proc.  Congr.  Int.  Ergonomics  Assoc..  6th.  Santa  Monica.  Ca.:  Human  Factors 
I5c7«  XCY^nT"  " 

First,  the  time  elements  of  a working  dey,  the  duration  of  working 
time  and  the  time  positioning  of  working  time  are  treated  under 
ergonomical  aspects.  Second  the  reasons  for  shiftwork,  different 
types  of  shift  work  as  well  as  effects  on  health  and  on  family  ansd 
social  life  are  discussed.  Finally,  the  following  physiological 
criteria  for  optimal  shift-schedules  are  presented:  (1)  Single  night 

shifts  are  better  than  consecutive  night  shifts.  (2)  At  least  24 
hours  free  time  should  be  allowed  after  each  night  shift.  (3)  The 
cycle  of  a shift  system  should  not  be  too  long.  (5)  The  length  of  the 
shift  should  be  related  to  the  type  of  work.  (5)  In  connection  with 
continuous  shift  work  as  maf\y  free  weekends  as  possible  should  be 
arranged. 

1591. 

Rutenfranz,  «].,  U.  P.  Colquhoun,  P.  Knauth,  and  J.  N.  Ghata.  Biomedical  and 
psychosocial  aspects  of  shift  work.  A review.  Scand.  J.  Work  Environ.  Health 
3:  165-182,  1977.  

A survey  of  the  different  types  of  shift-work  systems  In  use,  and 
the  Incidence  of  shift  work  In  different  Industries  and  countries.  Is 
followed  by  a discussion  of  (a)  the  effects  of  shift  work  on  health 
and  (b)  the  physiological  problems  raised  by  the  phase-shifting  of  the 
circadian  cycle  In  night  workers.  Summaries  of  the  existing  knowledge 
of  the  effects  of  shift  work  on  performance  efficiency,  accidents,  and 
family  and  social  life  are  then  given,  and  a set  of  criteria  for 
designing  optimal  shift  systems  Is  proposed.  Next,  the  questions  of 
selection  for  shift  work  and  the  provision  of  health  services  for 
shiftworkers  are  discussed.  Finally,  the  need  for  further  research  on 
the  problems  of  shift  work  Is  explained,  and  suggestions  are  offered 
on  the  lines  such  research  should  follow. 

1592. 

Rutenfranz,  J.,  and  T.  H.  Hettinger.  Ueber  Tagesschwankungen  der 
Rechnenge-schwindigkelt  bel  el f-jaebri gen  Kinder.  Z.  Kinderhellk.  79:  65-81, 
1957.  


TTie  speed  with  which  calculations  are  performed  varies 
periodically  with  time.  The  frequency  of  this  oscillation  Is  found  to 
be  age-dependent. 

1593. 

Rutenfranz,  J.,  F.  Kllmmer,  and  P.  Knauth.  Desynchronization  of  different 
physiological  functions  during  three  weeks  of  experimental  nightshift  with 
limited  and  unlimited  sleep  (abstract).  Int.  J*  Chronoblol.  3:  2,  1975. 
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1594 

Rutenfranz.  J.,  P.  Knauth,  and  W.  P.  Colquhoun*  Hours  of  work  and 
shiftwork.  Ergonomics  19:  331-340,  1976. 

First  the  time  elements  of  a working  day*  the  duration  of  working 
time  and  the  time  positioning  of  working  time  are  treated  under 
ergonomics  aspects.  Second  the  reasons  for  shiftwork,  different  types 
of  shiftwork  as  well  as  effects  on  health  and  on  family  and  social 
life  are  discussed.  Finally  the  following  physiological  criteria  for 
optimal  shift-schedules  are  presented:  (1)  Single  night  shifts  are 
better  than  consecutive  night  shifts.  (Z)  At  least  24  hours  free  time 
should  be  allowed  after  each  night  shift.  (3)  The  cycle  of  a shift 
system  should  not  be  too  long.  (4)  The  length  of  the  shift  should  be 
related  to  the  type  of  work.  (5)  In  connection  with  continuous 
shiftwork  as  maoy  free  weekends  as  possible  should  be  arranged. 

1595. 

Rutenfranz,  J.,  H.  Mann,  and  J.  Aschoff.  Circadlanrhythmic  physischer  und 
psychlscher  Funktionen  bel  4-stund1gen  Wachwechsel  auf  elner  Schiff.  In: 

Night  and  Shift  Work,  edited  by  A.  Swensson.  Stockholm:  Inst.  Occup.  Health, 

i9o9,  pp.  31-41. 

1596. 

Rutenfranz,  J.,  and  R.  Singer.  Aktuelle  Probleme  der  Arbeltsunwelt  - Probleme 
der  Nacht  - und  Schichtarbelt  (Present-day  problems  of  the  work  environment  - 
problems  of  night  and  shift  work).  Arbeltsmedizin  Sozlalmedizin 
Arbeltshyglene  38:  21-112,  1971. 

In  the  first  part  of  the  proceedings,  various  authors  deal  with 
the  following  problems  of  night  and  shift  work;  human  circadian 
rhythm:  health  hazards  and  their  prevention;  problems  of  Industrial 
medicine  and  their  evaluation  on  the  works  level;  subjective  stress 
and  Its  evaluation:  special  problems  with  female  employees:  effect  of 
Interrupted  sleep  and  night  work  on  heart  rhythm  and  respiration. 

1597. 

Rutenfranz,  J.,  and  E.  Werner,  (editors).  Schichtarbelt  bel  Kontinulerllcher 
Produktion  (Shift  work  In  continuous  producti on  processes ) . uortmuno-Maren , 
Germany:  Forschungsbericht,  No.  141,  1975,  Bundesanstalt  fur  Arbeltsschutz 
und  Unfall forschung.  431  pp. 

Analysis  of  surveys  In  some  2,000  workers  In  the  chemical  and  Iron 
and  steel  Industries  with  various  forms  of  shiftwork;  time-budget 
studies  In  relation  to  continuous  work  methods;  soclopsychological, 
occupational  psychological  and  occupational  medical  factors  In  the 
chemical  Industry;  personal  and  social  data  and  occupational  and 
operational  data  In  the  Iron  and  steel  Industry.  Inquiries  among 
executive  staff  and  councils  of  workers'  delegates  on  problems  related 
to  continuous  shift  work  specific  to  their  branch  are  assessed,  and 
the  extent  of  recourse  to  continuous  working  methods  In  European 
countries  compared.  Finally,  problems  Involved  In  Introducing  the 
40-h  week  In  plants  with  continuous  production  are  assessed  and 
solutions  proposed. 
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1598. 

Ruzicka,  W.  Blorhythnus  und  Unfalle  (Biorhythm  and  accidents).  Belhefte  zur 
Monatsschrlft  fur  Unfallhellkunde  130:  296-300,  1978. 

A study  was  made  of  85953  Austrian  work  accidents  with  respect  to 
the  3 biorhythm  theory  cycles.  The  number  of  accidents  occurring  on 
each  dey  of  the  biorhythm  cycles  was  computed  from  birthdays. 

Variation  In  accident  frequencies  do  not  correspond  to  biorhythm 
theory.  However,  a high  accident  Incidence  was  evident  on  dqy  20  of 
the  23  and  28  day  but  not  33  day  cycles,  from  graphical  and  cni  square 
analysis.  This  suggests  the  presence  of  a rhythmicity  and  a modified 
biorhythmic  theory  should  be  developed  which  takes  Into  account  sex, 
age  and  occupational  factors  and  which  eliminates  the  birth  dependent 
hypothesis. 
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1599. 

Sacher,  0.  The  Influence  of  Blorhythwlc  Criticality  on  Aircraft  Mishaps.  (M. 

S.  Thesis).  Haval  Postgra^ate  Scnool,  Monterey,  CA.  Report  No  AO-783 

817/OGA,  1974,  68  pp.  ^ k 

The  author  Investigated  the  probability  of  blorhythmlc  criticality 
and  Its  Influence  on  human  error  and  accidents  based  on  data  from  4346 
naval  aircraft  mishaps.  By  straightforward  application  of  critical 
days  or  critical  periods  there  was  no  significant  Influence  from 
biorhythms;  however,  a significantly  lower  number  of  accidents  than 
expected  In  pilots  younger  than  30  years  were  found  when  a critical 
physical  day  was  accompanied  by  a positive  state  of  the  emotional  cy- 
cle (which  contradicts  biorhythm  theory),  and  In  pilots  older  than 
30  when  physical  critical  days  coincide  with  the  negative  state  of  the 
emotional  cycle.  The  findings  of  the  study  support  the  relativity* 

Idea  In  the  theory  of  biorhythms:  critical  days  of  the  three 
blorhytiwilc  cycles  have  different  effects  on  groups  of  people  with 
different  characteristics,  according  to  the  author.  Klein  and  Wegmann 
state  that  with  these  results.  In  conflict  with  biorhythm  theory.  It 
Is  not  easily  comprehended  that  the  author  recommends  biorhythmic 
criticality  to  be  Incorporated  Into  a Sortie  System  Safety  Evaluation. 

1600. 

Sackett,  L.  L.,  M.  Haus,  W.  K.  Babb,  E.  K.  Bixby,  and  E.  Haus.  Cardiovascular 

and  temperature  adaptation  to  phase  shift  by  Intercontinental  flight.  Proc. 

Minn.  Acad.  Scl.,  1978,  p.  18. 

A total  of  35  Intercontinental  flights  between  Minnesota,  U.  S.  A. 
and  Central  or  Western  Europe  (time  difference  6-7  hours)  were  studied 
2 male  and  3 female  subjects.  Of  these,  10  west-east  and  10  east-west 
flights  over  a 14-year  span  were  Investigated  In  one  of  the  male  sub- 
jects (age  37-51):  5 east-west  flights  and  4 west-east  flights  over  a 

5-year  span  were  studied  In  one  of  the  subjects  (age  27,  30  and  30),  a 
single  flight  pair  was  Investigated.  In  each  subject,  systolic  and 
diastolic  blood  pressure,  heart  rate  and/or  body  temperature  were 
followed  by  autorhythmometry  with  4 to  6 measurements  per  24-hour  span 
during  at  least  1 month  uefore  each  Intercontinental  flight,  and  be- 
tween 10  days  and  2 months  thereafter.  The  circadian  rhythms  and 
their  phase  shifts  were  quantitated  by  least  squares  fits  of  cosine 
functions  applied,  among  others.  In  the  form  of  chronoblologic  serial 
sections  and  by  group  cosinor  analysis  over  consecutive  nonoverlapping 
time  spans.  Phase  adaptation  occurred  slowly  over  several  transient 
cycles  with  differences  In  the  adjustment  rates  between  the  variables 
studied.  Differences  In  speed  of  phase  adaptation  between  west-to- 
east  and  east-to-west  flights  were  observed  In  some  subjects  but  were 
not  consistent  In  the  group. 


1601. 

Salkl,  H. , and  M.  Nakaya.  (dynamics  of  sleep  patterns  during  prolonged 
simulated  weightlessness.  In:  Life  Sciences  and  Space  Research,  edited  by  R. 
Holmquist.  New  York:  Pergammon  Press,  vol.  l?T”l9/7,  pp.  225-231, 


431 


Subjects  Immersed  for  6 deys  In  water,  simulating  weightlessness, 
exhibited  marked  changes  In  the  total  time  spent  In  sleep  and  In  the 
percentage  of  that  time  spent  In  each  sleep  stage.  The  lenoth  of  time 
spent  In  Stage  4 deep  sleep  and  In  REM  sleep  decreased  In  tne  first 
half  of  the  6-day  Immersion  period.  During  the  latter  half  of  the  Im- 
mersion period,  a clear  adaptive  response  was  observed  In  the  sleep 
patterns:  The  sequential  appearance  of  the  different  stages  of  sleep 
and  the  percentage  of  time  spent  In  the  six  stages  of  sleep  showed  a 
clear  approach  to  the  pre-immersion  data.  During  the  3-day  post- 
immersion  period,  the  patterns  approached  the  normal  pre-  Immersion 
levels,  although  there  was  some  overshoot  or  a negative  phase  period 
characterizing  this  approach.  By  the  sixth  day  of  Immersion  the 
percentage  of  time  spent  In  each  stage  of  sleep  had  returned  to  near 
normal  pre-immersion  values,  but  the  total  time  spent  In  sleep  was 
still  somewhat  less  than  normal.  This  fact  suggests  that,  once 
adapted  to  a condition  of  weightlessness,  the  sleep  requirement  may  be 
less  than  during  normal  ambulatory  Ufo*  During  the  post-immersion 
period,  the  pattern  of  Stage  4 sleep  at  early  evening,  midnight  and 
dawn  showed  no  special  reactive  characteristics,  but  rather  a clear 
recovery  towards  the  original  pattern.  On  the  other  hand,  at  the 
duration  of  REM  sleep.  It  overshot  the  pre-  Immersion  values  at  the 
beginning  of  the  post-immersion  period,  and  then  returned  to  the 
original  pattern. 

These  experiments  suggest  that  some  of  the  changes  In  sleep 
patterns  which  are  observed  under  conditions  simulating  weightlessness 
may  be  adaptive. 


1602. 

Salkl,  H. , M.  Nakaya,  and  C.  Sekiguchl.  Characteristics  of  sleep  under 
simulated  weightlessness.  Aerosp . Med.  Assoc.  Preprints,  1971,  pp.  62-63. 

1603. 

Salto,  Y.  Specification  of  variation  patterns  of  physiological  and  oer- 
forroance  measurements  In  sleep  loss.  £.  Hum.  Ergol.  1:  20/-216,  1972. 

Factor  analysis  was  performed  for  sixteen  physiological  and  per- 
formance measurements  In  order  to  find  some  common  distinct  features 
of  the  variation  patterns  during  a 48  hr  period  of  sleep  loss.  The 
measurements  were  repeated  through  the  5-day  experimental  session, 
which  Included  a training  day  or  a recovery  day.  The  results  were 
averaged  for  three  male  adult  subjects  and  standardized  for  each 
measure,  coefficients  of  correlation  being  calculated  between  each 
pair  of  the  measurements.  Principal  conronent  analysis  was  performed 
specifying  three  factors  for  rotation  by  the  varlmax  method.  The 
variation  patterns  could  be  classified  Into  three  common  specific  pat- 
terns. The  first  pattern,  exhibited  by  heart  rate,  systolic  blood 
pressure,  critical  fusion  frequency  of  flicker,  and  subjective  ratings 
of  fatigue,  was  characterized  by  gradual  decrement  with  modification 
of  diurnal  variability.  The  second  pattern,  which  was  followed  by 
simple  reaction  time  and  body  tenperature,  showed  a distinctive  sharp 
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decrement  In  the  eerly  morning  hours.  The  third  pattern,  regarded  as 
combining  the  characteristics  of  the  first  two  patterns,  was  exhibited 
by  such  complex  performances  as  choice  reaction  time  or  tracking  er* 
ror.  Exhausting  processes  caused  by  48  hr  of  wakefulness  were  discus- 
sed on  the  basis  of  these  three  patterns. 

1604. 

Salto,  Y. , and  K.  Kogl.  Psychological  conditions  of  working  night  and  sub- 
sequent day  shifts  with  short  sleep  hours  between  them.  Ergonomics  21:  871, 

1605. 

Sakai,  K. , and  Y.  Takahashl.  Driving  and  subsidiary  behavior  of  taxi  drivers 
working  alternate-doy  shifts.  £.  Hum.  Ergol.  4:  115-127,  1975. 

1606. 

Sakata,  T.,  M.  Fukushima,  J.  Kodama,  and  H.  Fuchimoto.  Light-dark  patterns  In 
running-wheel  activity  In  rats  during  chronic  administration  of  theophylline. 
Physiol.  Behav.  19:  397-400,  1977. 

Running-wheel  activity  for  24  hr.  and  activity  patterns  were 
studied  during  chronic  theophylline  administration.  Theophylline 
altered  the  normal  relations  between  activity  level  and  Illumination. 
Dark-time  activity  was  decreased  to  approximately  50%  and  24  hr  activ- 
ity was  unaffected.  These  observations  were  consistent  with  pre- 
vious results  showing  that  theophylline  suppressed  dark-time  feeding 
but  had  no  effect  on  24  hr  food  Intake.  A possible  mechanism  to 
account  for  these  results  may  be  dependent  on  levels  and  turnover  of 
brain  norepinephrine. 

1607. 

Sakel laris,  P.  C.,  A.  Peterson,  A.  Goodwin,  C.  M.  Winget,  and  J.  Vernlkos- 
Danellls.  Response  of  mice  to  repeated  photoperiod  shifts:  Susceptibility  to 
stress  and  barbltuates.  Proc.  Soc.  Exp.  Biol.  Med.  149:  677-680,  1975. 

1608. 

Sal  any,  J.  Effects  of  REM  deprivation  and  awakening  on  Instrumental  per- 
formance during  Stage  2 and  REM  sleep.  Biological  Psychiatry  3:  321-330. 

1971. 


This  study  tested  the  hypothesis  that  the  need  for  REM  sleep  was 
analogous  to  other  physiological  motives  (e.  g. , hunger,  thirst, 
etc.).  Therefore,  subjects  (Ss)  should  perform  a response  to  avoid 
being  awakened  from  REM  sleep,  and  REM  deprivation  should  facilitate 
this  performance.  Ss  were  required  to  close  a switch  three  times  when 
tones  were  presented  during  the  last  2.5  hr  of  sleep  Ss  were  randomly 
divided  such  that:  tones  were  either  presented  In  stage  2 or  In  REM 
sleep;  Ss  were  either  awakened  or  not  awakened  for  falling  to  respond 
to  the  tone;  and  they  were  either  deprived  of  REM  sleep  up  to  the  last 
2.5  hr,  or  they  were  not  REM-deprIved  at  all.  In  general,  main  ef- 
fects were  not  significant,  but  several  significant  Interactions 
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were  obtained.  It  was  found  that  awakening  for  response»f allure 
Improved  performance  In  REN  sleep,  but  not  In  stage  2.  Awakening  for 
response-failure  In  combination  with  REN  deprivation  produced  85t  suc- 
cessful performance  when  tones  were  presented  In  REN  sleep.  Under 
the  same  conditions,  except  that  $s  were  not  aroused  for  response 
failure,  only  it  success  was  achieved.  It  concluded  that  the 
need-for-REN  sleep  appears  to  possess  motivational  properties  that  are 
analogous  to  othe  physiological  motives. 

1609. 

Saldivar,  J.  T.,  and  S.  N.  Hoffman.  Sleep  In  air  traffic  controllers. 

Washington,  0.  C.:  Federal  Aviation  Agen^,  FAA-AN-7/-5,  is//,  ib  pp. 

Data  obtained  from  sleep  logs  maintained  for  a period  of  $ weeks 
by  18S  air  traffic  controllers  Indicate  that  on  a weekly  basis  there 
Is  no  significant  difference  In  the  amount  of  sleep  obtained  by  con- 
trollers working  the  2-2-1  rotation  pattern  and  that  obtained  by 
those  on  the  5-day  rotation  pattern.  Approximately  half  the  control- 
lers Indicated  satisfaction  with  their  present  shift 
rotations;  however,  preferences  Indicate  that  they  would  prefer  to 
work  a shift  rotation  that  excluded  the  midshift.  Age  and  experl nece 
do  not  appear  to  be  related  to  pattern  of  sleep  or  amount  of  sleep  ob- 
tained. 'Fatigue',  'weakness',  and  'somnolence'  were  complaints 
most  often  expressed  on  the  midshift  on  both  rotation  patterns. 

Reasons  most  often  given  for  not  sleeping  were  'work  related'  and 
Illness  by  controllers  on  the  2-2-1  rotation  pattern  and  'work  re- 
lated' and  'nonspecific'  by  those  on  the  5-dey  rotation  pattern. 
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Saleh,  N.  A.,  P.  J.  Haro,  and  C.  N.  Winget.  Loss  of  circadian  rhythraldty  In 
body  temperature  and  locomotor  activity  following  suprachlasmatic  lesion  In 
the  rat.  £.  Interdlscipl.  Cycle  Res.  8:  341-346,  1977. 
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Saleh,  N.  A.,  and  C.  N.  Winget.  Effect  of  suprachlasmatic  lesions  on  diurnal 
heart  rate  rhythm  In  the  rat.  Physiol.  Behav.  19:  S61-S64,  1977. 

Heart  rate  and  locomotor  activity  of  rats  kept  under  12L/12D  Il- 
lumination regimen  was  recorded  every  six  minutes  for  ten  days  using 
Implantable  radio  transmitters.  Some  of  the  rats  then  received 
bilateral  radio  frequency  lesions  Into  the  suprachlasmiatic  nucle- 
us (SCN).  Control  sham  operations  were  peformed  on  the  rest  of 
the  animals.  After  recovery  from  surgery,  recording  of  heart  rate  and 
locomotor  activity  was  continued  for  ten  deys.  SCN  lesloned  rats 
showed  no  significant  diurnal  fluctuation  In  heart  rate,  while  normal 
and  sham  operated  rats  showed  the  normal  diurnal  rhythm  In  that  func- 
tion. The  arrhythmic  diurnal  heart  rate  pattern  of  SCN  rats  ap- 
peared to  be  correlated  to  their  sporadic  activity  pattern.  The 
Integrity  of  the  suprachlasmatic  nucleus  therefore  Is  necessary  for 
the  generation  and/or  the  expression  of  diurnal  rhythmicity  In  heart 
rate  In  the  rat. 
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\ Saline,  C.  Don't  make  a move  -until  you  check  our  chart.  Today /The 

Philadelphia  Enquirer,  Nov.  4,  1973, 

\ 1613. 

I Saline.  C.  Blame  It  on  your  biorhythms.  Boston  Magazine,  pp.  7-14,  June, 

1974.  

[ 1614. 

I Saltarinl,  H.  Blorltmo  (Biorhythms).  Milan:  Slad.  1976,  194  pp. 

I 161$. 

f Sanders,  A.  F. , and  A.  A.  Bunt.  Some  remarks  on  the  effects  of  drugs,  lack 

of  sleep  and  loud  noise  on  human  performance.  Ned.  Tijdschr.  PsychoT. 

I Grensgeb.  26;  670-684,  1971. 

I 1616. 

i Sandler,  H.,  and  D.  L.  Winter.  Physiological  Responses  of  Women  to  Simulated 

I Weightlessness.  Washington,  D.  ITlI  nasA,  nasa-Sp-430,  1978,  87  pp. 

I A survey  Is  presented  of  the  findings  of  the  first  bed-rest  study 

j using  all  female  subjects.  The  12  volunteer  subjects  (active  Air 

Force  nurses  or  reserves)  were  exposed  to  centrifugation,  to  lower 
' body  negative  pressure  (LBNP),  and  to  exercise  stress  both  before  and 

after  bed  rest.  Areas  studied  were  centrifugation  tolerance,  fluid 
electrolyte  changes  and  hematology,  tolerance  to  LBNP,  physical  work- 
ing capacity,  biochemistries,  blood  fibrinolytic  activity*  female 
metabolic  and  hormonal  responses,  circadian  alterations,  and  gyneco- 
logy. The  subjects  weiO  first  tested  to  establish  baseline 
values  during  a 14-dey  control  period;  on  the  basis  of  their  baseline 
values,  the  8 subjects  most  capable  of  tolerating  acceleration  and 
LBN)  were  selected  for  the  bed-rest  test.  The  bed-rest  period  lasted 
17  deys,  after  which  the  subjects  underwent  a 5-day  recovery  period. 

The  4 ambulatory  controls  underwent  all  requirements  of  the  study  ex- 
cept bed  rest.  Results  were  compared  with  the  responses  observed  In 
similarly  bed-rested  male  subjects.  The  bed-rested  females  showed  de- 
condltlonlng  responses  similar  to  those  of  the  males,  although  with 
some  differences.  The  surprising  finding  of  the  study  mas  that  the 
ambulatory  control  subject  also  exhibited  a degree  of  deconditioning, 
which  was  thought  to  result  from  the  stress  of  confinement.  The  re- 
sults of  the  study  Indicate  that  women  are  capable  of  coping  with  ex- 
posure to  weightlessness  and,  moreover,  that  they  may  be  more  sensl- 
I tive  subjects  for  evaluating  countermeasures  to  weightlessness 

I and  developing  criteria  for  assessing  applicants  for  Shuttle  voyages. 

i 1617. 

) Sanford,  A.  J.  A periodic  basis  for  perception  and  action.  In:  Biological 

? Rhythms  and  Human  Performance,  edited  by  W.  P.  Colquhoun.  New  Yor^H  Academic 

press,  iv/i,  ^83  pp. 
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S«nhe1ai.  J.  BlorhytNn  analysis  as  appllcabit  to  safety.  Paper  presented  at 
the  National  Safety  Congess  and  Exposition,  Sept*  30,  1975. 

He  studied  1308  accidents  at  the  Naval  Meapons  Support  Center  and 
claims  that  41.75S  of  these  accidents  occurred  on  biorhythmic  critical 
days. 

1619. 

Santandreu,  H.  A.  Casualties  due  to  sickness  and  Incapacitation  In  aviation* 
Iberia  Lineas  Areas  Oe  Espana;  7-89,  1977  or  1978. 

1620. 

Sasaki,  T.  Circadian  rhythm  In  body  teiiv)erature*  In:  Advances  In  Climatic 
Physiology,  edited  by  S.  Itoh.  K.  Ogata,  and  H.  Yoshimural  Tokyo:  Igaku 
3ho1n;  Lfd.,  1972,  pp.  319-335.  » 

1621. 

Sasaki,  T.  Infradlan  rhythm  with  linear  trend  following  phase  shift 
(abstract).  Int.  £.  Blometeorol.  22:  335,  1978. 

1622. 

Sassin,  J.  F.,  0.  C.  Parker,  L.  C.  Johnson,  L*  G.  Rossman,  J.  W.  Mace,  and  R* 
W.  Got! In.  Effects  of  slow  wave  sleep  deprivation  on  human  growth  hormone 
release  In  sleep:  preliminary  study*  Life  Scl.  8:  1299-1307,  1969. 

1623. 

Savic,  N.  Turnusnl  rad— specif Ikum  zeleznicko-saobracajne  tehnologlje 
(Wolfing  In  shift— In  the  railroad  Industry).  Narodno  Adravlje  27:  248-253, 


1624. 

Scafarczyk,  A.,  and  J.  Nougulek -Soule*  I.  Assenmancher:  OlurnaJ  locomotor 
and  plasma  corticosterone  rhythms  In  rats  living  on  periodically  lengthened 
"day**.  Int.  J.  Chronoblol.  2:  373-382,  1974. 

1625. 

Scapagninl,  U.,  G.  P.  Moberg,  6*  R.  van  Loon,  J.  de  Groot,  and  W.  F.  Ganong. 
Relation  of  brain  5-hydrojytryptam1ne  content  to  the  diurnal  variation  In 
plasma  corticosterone  In  the  rat*  Neuroendocrlnology  7:  90-96,  1971. 

1626. 

Scapagninl,  U. , and  P.  Prezlosl.  Role  of  brain  norepinephrine  and  serotonin 
In  the  tonic  and  phasic  regulation  of  hypothalamic  hypophyseal  adrenal  axis* 
Arch.  Int.  Pharmacodyn.  Suppl*  196:  205-220,  1972. 

1627. 

Schadewald,  R.  Biorhythms:  A critical  look  at  critical  days.  Fate  32: 
75-80,  1979.  

In  this  critical  review  of  the  biorhythm  theoiy,  the  author  quotes 
reputable  scientists  who  consider  biorhythm  theory  to  be  a 
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pseudoscientific  fad.  Documentation  of  Swoboda  and  Teltscher  sup- 
porting the  theory  has  apparently  disappeared.  Recalculation  of 
bloriQfthm  charts  for  anecdotal  examples  In  Thommen's  (Is  This  Your 
Day.  Crown.  New  York.  1973)  revealed  mistakes  and  misstatements.  The 
author  Illustrated  the  power  of  suggestion  In  biorhythm  theory  by 
quoting  a demonstration  by  a magician  (The  Amazing  Randl)  who  provided 
a woman  with  a biorhythm  chart,  deliberately  using  the  wrong  birthdqy. 
Nevertheless,  the  woman  felt  the  chart  was  quite  accurate.  Randl  then 
admitted  his  error  and  sent  the  woman  a second  "corrected”  chart,  but 
based  on  a wrong  birthday.  The  woman  claimed  the  second  chart  was 
even  better  than  the  first.  The  author  criticizes  a German  study  (tte 
Bochow  1954/55)  which  claimed  a remarkably  high  coincidence  of  ac- 
cidents on  biorhythmic  critical  days  as  being  so  Inconsistent  with 
other  studies  Involving  accidents  that  It  Is  either  a fabrication  or 
the  most  astounding  statistical  anomaly  on  record. 

1628. 

Schaefer.  K.  E.  New  London,  Conn:  Naval  Medical  Research  Lab. 

NASA-CR-i 56-536,  1964,  20  pp. 

Research  on  the  diurnal  periodicity  of  physiological  functions  and 
of  performance  level:  Including  studies  of  the  effects  of  removing, 

or  of  changing  the  perlor  or  the  phase  of,  environmental  time 
Indicators. 

1629. 

Schaefer,  K.  E. , C.  M.  Kerr,  D.  Buss,  and  E.  Haus.  Effect  of  18-h  watch 
schedules  on  circadian  cycles  of  physiological  functions  during  submarine 
patrols.  Undersea  Biomedical  Research,  Submarine  Supplement  16:  581-590, 
1979.  


Circadian  rhythms  of  body  temperatures,  pulse  rate,  and  re- 
spiration rate  were  measured  In  11  subjects  every  4 h during  certain 
periods  on  two  submarine  patrols.  Data  on  systolic  and  diastolic 
blood  pressure  were  also  obtained  on  five  crew  meadrers  during  the 
first  period.  All  the  subjects  of  the  first  patrol  were  on  an  18-h 
watch  schedule  (6  h on.  12  h off).  During  the  second  patrol,  three 
subjects  were  on  an  18-h  watch  schedule  and  three  were  on  a 24-h  watch 
schedule.  Cosinor  analysis  for  positive  (P  < 0.05)  detection  of 
rhythm  demonstrated  that  all  subjects  on  the  180h  watch  schedule 
developed  18-h  cycles  of  body  temperature,  pulse  rate,  respiration 
rate,  and  systolic  and  diastolic  blood  pressure,  which  were  then 
superimposed  on  the  persisting  24-h  cycles  of  the  same  function.  The 
three  subjects  on  a 24-h  watch  schedule  did  not  show  the  18-h  cycles. 

Moreover, 

additional  12-,  36-,  and  48-h  cycles  (harmonics  and  subharmonics  of 
24-h  cycles)  were  found  In  all  subjects  on  both  patrols,  attesting  to 
the  dlslnteoratlon  of  circadian  cycles  under  these  conditions.  Aver- 
age sleep  time  tended  to  decrease  toward  the  end  of  the  patrol. 
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Schiffitr,  K.,  and  H.  H.  Rmanirm.  Sleep  disturbances  of  cockpit  personnel 
after  transmerldfan  long  distance  flights*  Med.  Klin.  71:  1985*199$,  1976. 

1631. 

Schara.  A.  W.  All  the  Presidents  Plus;  An  Insight  Into  Howents  of  History 
Thi^gh  Blorhytfjg.  Hicksviiie.  nfSTTork;  Exposition^ess.  19787 

1632. 

Schavone,  R.  M.  The  Effects  of  Hythly  Biorhythms  on  Selected  Motor  Per- 
formance. (Ph.  0.  Thesis),  tianfordi  University 


Reaction  time,  balance  (stablllometerl,  hand  grip  and  endurance 
(bicycle  ergometer)  performance  were  obtained  twice  at  biorhythm  cycle 
positive  phase,  negative  phase,  and  critical  days  from  30  female 
students.  T-tests  for  correlated  groups  were  performed  be^en  the 
three  treatment  levels.  The  results  failed  to  support  the  re- 
lationship between  biorhythms  and  physical  performance.  The  use  of 
biorhythm  cycle  high  and  low  phases  tends  to  bias  the  sample  pop- 
ulation. A more  meaningful  experimental  design  would  have  Involved 
a double  blind  sampling  of  performance  on  various  days,  with  chi 
square  analysis  of  the  biorhythm  phase-performance  relationship.  How- 
ever, the  authors'  use  of  a biased  sample  tends  to  add  more  weight 
to  his  conclusions* 
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1634. 

Scherrer,  M.  J.,  and  P.  Andlauer.  Table  ronde  sur  la  vigilance  (Round-table 
discussion  on  vigilance).  Arch.  Mai.  Prof.  Med.  38:  133-157,  1977* 

1635. 

Schcving.  L.  E.,  et  al.  (no  title)  Postepy  Higleny:  Medvcyny  Ooswiadcaalnaj 
33:  249-262|  1979* 

1636 

Scheving,  L.  E.,  E.  R.  Bums,  J.  E.  Pauly,  T.  H.  Tsai,  H.  0.  Betterton,  and  F. 
Hal  berg.  Meal  scheduling,  cellular  rhythms  and  the  chronotherapy  of  cancer 
(abstract).  In:  International  Congress  of  Nutrition,  10th,  Kyoto,  Japan, 
1975,  pp*  141-142. 

1637. 

Scheving,  L.  E.,  and  J.  E.  Pauly.  Einfluss  der  Circadlanrhythmik  auf 
Tlerexoerlments  (Influence  of  circadian  rhythm  on  animal  experiments).  Nova 
AcU  Leopoldina  46;  237-258.  1977.  

1638. 

Schl leper,  H.  Oer  Rhythmus  des  lebendigen  (The  rhythm  of  vitality)*  Jena: 
Eugen  Oiederlchs,  iws* 
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A review  of  the  discovery  of  regulated  rhythms  by  Wilhelm  FI  less. 

1639. 

Schlosberg,  A.,  and  M.  Benjamin.  Sleep  patterns  In  three  acute  combat  fatigue 
cases.  Clin.  Psychiatry  39:  546-549,  1978. 

A preliminary  report  Is  presented  on  the  sleep  patterns  of  three 
combat  fatigued  patients  with  recurrent  nightmares,  Insomnia,  low 
frustration  thresholds  and  1nq>otence.  All  the  patients  had  undergone 
acute  partial  sleep  deprivation  prior  to  their  breakdown*  The  results 
show  severe  deficiency  In  REM  sleep  and  absence  of  stage  4 sleep.  EMG 
was  usually  high  with  numerous  body  movements  and  bursts  of 
tachycardia  Ihroughout  the  night.  Nightmares  occurred  In  stage  2. 

Total  effective  sleep  time  was  between  129*  and  250*.  Most  of  the 
sleep  was  In  stage  2,  and  patients  woke  up  with  the  feeling  that  “they 
had  not  slept  at  all. “ It  is  hypothesized  that  acute  partial  sleep 
deprivation  prior  to  breakdown  was  an  Important  predisposing  factor, 
and  that  chronic  partial  sleep  deprivation  was  a constant  aggravating 
factor  of  combat  fatigue.  Replacement  therapy  for  the  specific 
deficient  sleep  states  Is  proposed. 

1640. 

Schmid,  B*  Zur  Psycho-Vegetatlven  Belastung  Durch  Schichtarbelt  und  Ak- 
kordarbelt  (Psychovegetative  stress  associated  with  shift  work  and  piece 
wort).  Arbeltsmedizin-Sozlalmedizin-Arbeltshygine  6:  263-265,  1971. 

Following  Introductory  remarks  on  methods  used  for  measuring  psy- 
chovegetative stress  at  work-places,  the  author  examines  the  effect 
of  shift  work,  night  work  and  piece  work.  Sustained  effort  during 
night  shifts  results  In  Insomnia,  anorexia  and  digestive  disorders. 

Piece  work  was  found  to  be  harmful  only  If  performed  at  an  excessive 
rate.  In  which  case  the  effort  Involved  caused  emotional  stress  ac- 
companied by  sympathicotonia. 

1641. 

Schmidt-Amelung,  J.  Auswirkungen  von  zwel  Transatlantikflugen  In  rascher 
Folge  auf  die  Tagesrhythmik  in  der  Ausscheldung  von  17-Hydrocort1costero1den 
und  catechol  ami nen  (Effects  of  two  transatlantic  flights  In  rapid  sequence 
upon  the  24-hour  rhythm  In  the  urinary  excretion  of  17  hydroxycorti costeroids 
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The  effects  were  studied  In  eight  male  subjects*  Flights  were 
performed  as  outgoing  and  return  flight  between  Frankfurt  and  Chicago 
with  a time  shift  of  6 hrs  and  a stopover  .Ime  of  26  hrs.  The  results 
showed  distinct  excretion  patterns  In  all  studied  functions  on  day 
1 and  2.  The  diurnal  rhythm  of  the  17-hydroAycort1costero1ds  showed 


439 
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the  workaday  world  who  could  live  with  briefer  sleeping  periods.  Be- 
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turbances. In  the  course  of  several  journeys,  these  workers  no  longer 
recovered  their  full  working  capacity  after  sleep  from  the  third  day 
on.  Comparison  of  sleep  Indices  In  these  workers  (kiring  the  night 
after  a rest  period,  and  controls.  Indicated  poor  adaptation  to  this 
type  of  shift  work. 

1688. 

Slonim,  A.  0.  Circadian  rhythms  In  man  In  the  U.S.S.R.  and  their  pecu- 
liarities under  conditions  of  Industrial  work.  J.  Interdlscipl . Cycle  Res.  4: 
83-88,  1973.  “ 
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Smirnov,  K.  M.  Metodiceskle  Rekomendacll  po  Ucetu  Blorltmov  Celoveka  v 
Organizacll  1 Ohrane  Truda  (Recommendations  Concerning  the  Recording  of 
Workers'  Biological  Rhythms  for  the  purpose  of  work  organization  and  oc- 
cupational safety).  Leningrad,  USSR:  Vsesojuznj  Naucno-Issledovatel 'skij 
Institut  Ohraqy  Truda  VCSPS,  1976,  32  pp. 
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Smith,  H,  F.  Prediction  and  observation  of  sleep-waking  cycles  (Master's  th- 
esis). KnoxvIlTei  UnIverslV  of  Tennessee,  1976,  44  pp. 

1692. 

Smith,  H.  F.  Prediction  and  observation  of  sleep-wakeful -ness  cycles  and  the 
morningness-eventngness  phenomenon.  (Ph.  0.  thesis).  Knoxville:  Uni- 
versity of  Tennessee,  1979>98  pp. 
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Smith,  P.  A.  Oral  tent)erature  rhythms  In  two  groups  of  Industrial  shift 
workers.  Studia  laborls  et  Salutls  11:  66-78,  1972. 
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Smith*  P.  A Study  of  tho  Clrcidlan  Rhythms  of  body  Tesocrature.  Alertness, 
Activity,  and  SteepnTnnPTffil^nt  IKroim  or  ifiaiisfrTai  Shift  woncers.  Onpubl. 
TPh.  6.  TheSTsT*  HeHoi-watt  university,  toinourgn* 

1695. 

Smith,  P.  A study  of  weekly  and  rapidly  rotating  shift  workers.  Ergonomics 
21:  847,  1978.  

Dally  sleep  and  oral  body  temperature  data  are  presented  for  two 
groups  of  experienced  rotating  shift  workersitwo  or  three,  and  five 
successive  night  shifts.  The  data  analysis  shows  for  both  rotas,  a 
flattened  temperature  curve  on  night  shift,  'sleep  loss"  on  both 
morning  and  night  shift;  few  breaks  In  sleep  for  either  day  or  night 
sleeps,  with  no  significant  Increase  for  d^  sleeps,  a marked  tendency 
for  no  day  sleep  to  be  taken  prior  to  the  first  night  shift,  and 
snorter  latency  to  sleep  onset  for  day  sleep.  The  night  shift  body 
tenperature  curves  and  diary  sleep  data  are  related  to  earlier 
studies.  They  are  Interpreted  as  reflecting  partial  - not  chronic  - 
sleep  loss,  and  an  ongoing  normal  circadian  rhythmicity.  No 
particular  number  of  consecutive  night  shifts  Is  recommended.  Rather 
It  Is  suggested  that  shift  rota  selection  should  be  based  on  an 
assessment  of  how  the  rota  will  facilitate  an  acceptable  balance 
between  useful  free  time  and  sleep  duration  for  Individual  work  groups. 

1696. 

Smith,  P.  A study  of  weekly  and  rapidly  rotating  shiftworkers*  Int.  Arch. 
Occup.  Environ.  Heal th  43:  21 1 -220,  1979. 

1697. 

Smith,  P*  Twenty-four-hour  changes  In  psychological  alertness  In  3 shift 
workers  (abstract).  Chronoblologla  6:  158,  1979. 

1698. 

Smith,  R.  D. , D.  K.  Tessman,  B.  J.  Olszewski,  and  H.  R.  Kaplan.  Circadian 
periodicity  of  heart  rate  rate  In  conscious  rats:  a background  against  which 
to  evaluate  drugs.  Fed.  Proc.  39:  977,  1980. 

The  direct  continuous  monitoring  of  pulsatic  aortic  blood  pressure 
(AS))  and  heart  rate  (HR)  was  carried  out  In  conscious  (chronically 
cannulated)  nonmotenslve  and  spontaneously  hypertensive  rats  24  hours 
a day  for  periods  up  to  28  days.  On  a 12  hour  l1ght/12  hour  dark 
routine  all  groups  of  rats  displayed  distinctive  periodic  variations 
of  HR  with  an  amplitude  which  commonly  exceeded  75  bpm.  The  highest 
values  fo  HR  occurred  during  the  dark  period.  ABP  appeared  to  be 
higher  during  the  dark  period,  however.  It  was  not  possible  to 
characterize  it  periodicity  without  complex  time  series  analysis. 
Subjecting  rats  to  either  24  hr.  dark  or  24  hr.  light  significantly 
altered  the  normal  pattern  of  HR  variation.  Following  surgery  and  an- 
esthesia (Tllazol,  20-40  mg/kg  I.  H. ) the  periodicity  of  HR  was  de- 
pressed for  greater  than  24  hrs.  In  both  normotensive  and  hyp^r- 
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tensive  rets.  Vasodilators,  e.  9.  nlnoxldll  and  hydrallzlne 
administered  to  SHR  produced  marked  acute  Increase  In  HR  but  did  not 
chanpe  the  cyclic  nature  of  the  variation.  The  present  data  suggest: 
(HR)  of  the  rat  displays  a circadian  periodicity*  (2)  this  periodicity 
can  be  altered  by  change  In  the  llght/dark  routine*  (3)  recovery  from 
surgery>anesthes1a  was  heralded  by  the  return  of  the  HR  rhythms  and, 

(4  the  Interpretation  of  vasodilator  Induced  changes  In  HR  In  the  con- 
scious rat  should  be  made  against  a background  of  normal  circadian 
variation. 
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hormonal  changes  In  the  menstrual  cycle*  In;  Biorhythms  and  Human 
Reproduction,  edited  by  M.  Ferin,  F.  Halberg,  R.  M.  Richart,  and  R.  L*  Vande 
Hlele*  New  York,  London:  John  Wiley  i Sons,  1974,  pp.  241-258. 
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Snoyer,  J.,  L.  Cobb.,  and  0.  Hayes.  Interactional  aspects  of  the  sleep-wake 
cycle  of  human  couples  In  a time-free  environment  (abstract).  Sleep  Res.  6: 
114,  1977. 
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Snyder,  F.,  and  J.  Scott.  The  psychophysiology  of  sleep.  In:  Handbook  of 
Psychophysiology,  edited  by  N.  S.  Greenfield  and  R.  A.  Sternbachl  New  YoflT: 
HoU,  Rinehart  a Winston,  1972,  pp.  645-708. 
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Solakova,  S.  Trudove-Hlglenni  Aspektl  no  Blologicnite  Ritml  (Occupational 
health  aspects  of  biological  rhythms).  Letopisl  na  Higlenno-Epidemlologicnata 
Sluzba  10:  49-54,  1978.  ^ ^ 

The  literature  concerning  the  repercussions  of  biological  rhythms 
on  work  capacity  and  resistance  to  harmful  factors  at  the  workplace, 
expeclally  shift  work  and  night  work.  Is  reviewed.  The  physiological 
functions  of  the  body  ere  clearly  subject  to  rhythmic  changes* 

Further  research  Into  biological  rhythms  should  Improve  prediction  of 
occupational  hazards. 

1705. 

Sollman,  K.  F.,  and  C.  A.  Walker.  Diurnal  rhythm  of  ethanol  metabolism  In  the 
^xperlentla  35;  808-809,  1979. 
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1706. 

So1ov'y«va»  V*  P.  and  G.  M.  Ganbasitfdze.  Philological  pacullarltlai  of  the 
wort  of  workers  on  nlahttlM  shifts.  In:  Isslevodanlya  po  fitloloall 
trudovykh  protsessov  (Investigations  of  the  rnysioiogy  or  mnc  rrocelses). 
Hoscow:  Meilgli.  1962.  PP.  IWSS. 

1707. 

Soaiaer,  6.  The  effect  of  menstruation  on  cognitive  and  perceptual  motor  be* 
havlor:  a review.  Psychosom.  Med.  35:  515-534,  1573. 

The  Increasing  demand  of  women  for  a greater  role  In  declslon- 
maklno  capacities  and  In  professional  areas  raises  persistent 
questions  about  the  effect  of  menstrual  cycle  fluctuation  on  per- 
formance. A critical  review  of  research  on  nonaffective  correlates 
of  the  reproductive  cycle  Is  provided.  The  methodological  problems 
Inherent  In  such  research,  such  research,  such  as  phase  definition, 
determination  of  hormonal  state,  response  bias,  and  generality  of  re- 
sults are  discussed^  Studies  using  response  measures  based  on  self 
report  and  social  behaviors  Indicate  a behavioral  decrement  associated 
with  the  premenstrual  and  menstrual  phase.  Studies  utilizing  ob- 
jective performance  measures  generally  fall  to  demonstrate  menstrual 
cycle  related  changes.  Socially-mediated  expectations 

are  suggested  as  a possible  basis  for  these  contradictory 

findings. 
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Somner,  H.  C.,  and  C.  S.  Harris*  Combined  effects  of  noise  and  vibration  on 
mental  performance  as  a function  of  time  of  day.  Aerosp.  Med.  43:  479-482, 
1972. 
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Sonderfeld,  A.  T.  Oer  Einfluss  der  Tageszelt  der  Relse  auf  die  Oe-  u.  Re- 
synchronization  der  Tagesrhythmik  der  Koerpertemp.  nach  Transatlantikfluegen 
(Influence  of  the  Journey's  time  of  day  on  the  de-  and  resynchronization  of 
the  24-hours  rhythm  of  body  temperature  after  transatlantic  flights).  Bonn- 
Bad  Godesberg:  Deutsche  Forschungs-  und  Versuchsanstalt  fur  Luft-  und 
Raumfahrt.  Institute  fur  Flugmedizin.  OLR-FB-77-10,  1977,  47  pp.  (transl.  In 
Engl,  by  European  Space  Agency,  ESA  TT-420,  1978,  56  pp.) 

The  Influence  of  a time-shift  of  six  hours  on  the  24-hour  rhythm 
of  body  teiperature  was  Investigated  In  a group  of  8 students 
In  Germany  and  the  U.  S.  A.  by  measuring  their  rectal  temperatures 
after  transatlantic  flights.  The  temperatures  were  taken  continuously 
over  the  first  6 days  and  on  days  8 and  13  after  an  East-West  flight 
and  after  a West-East  flight.  In  contrast  to  previous  studies  In 
which  the  West  flight  was  day-flight,  the  East  flight  a night-flight, 
both  flights  In  this  case  were  day-flights*  The  time  of  re- 
synchronization  after  the  East-West  flight  ran  up  to  seven  days,  the 
time  after  a flight  In  the  opposite  direction  up  to  ten  days* 

This  result  squares  with  the  results  gained  from  previous  experiments 
on  day  and  night  flights  Insofar  as  an  Influence  of  the  hour  of  the 
day,  at  which  the  flight  Is  carried  out.  Is  not  supposed. 
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Sothern,  R.  B.  LoM-frcquency  r^ythni  In  the  beerd  growth  of  a man.  In: 
Chronoblology.  edited  by  L.  E.  Scheving,  F.  Halberg  and  J«  E.  Pauly*  Tokyo: 
igaku  5hoinri974,  pp.  241-244. 

Beard  growth  was  measured  In  one  man  for  7 months  along  with  oral 
temperature,  pulse,  respiration,  grip  strength,  time  estimation, 
blood  pressure,  eye-hand  coordination,  peak  expiratory  flow,  mo^  and 
vigor  ratings.  Least  squares  periodicity  analysis  revealed  a best  fit 
at  16.5  days  and  secondary  peaks  at  18.0  and  24. S deys  In  all 
variables  except  temperature.  A probable  connection  between  beard 
growth  and  the  17-21  dqy  male  hormone  cycle  Is  suggested. 

1711., 

Sothern,  R.  B.,  and  F.  Halberg.  Timing  of  circadian  core  temperature  rbythm 
In  rats  on  5 lighting  schedules  with  different  photofractions.  Chronoblologla 
6:  158-159,  1979. 
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Speck,  L.  B.  Trends  In  current  research,  Conf.  Military  Requirements  for  Re- 
search on  Continuous  Operations  (Human  Engineering  Labs.),  Lubbock,  TX.,  1979, 
pp.  8-19. 
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Spencer,  C.  Employee  attitudes  to  shift  work.  Pers.  Pract.  Bull,  26:  25-33, 
1970.  

1714. 

Spencer,  C.  M.  The  Complete  Blocycle  Kit.  PS  I Rhythms,  1974. 
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Srinivasan,  R.,  and  V.  Gopal.  Modulation  of  the  circ&dlan  variation  of  cloa- 
cal  temperature  rhythm  In  the  fowl  by  altering  the  meal  timing  (abstract). 
Indian  j.  Physiol.  Pharmacol.  22;  224,  1978. 

1716. 

Stary,  D. , Ispitivanje  Povezanosti  Radnih  Smjena  1 Nezgoda  pri  Radu  u Nekim 
Jugoslavenskim  Poduzecima  (Investigation  Into  the  relationship  between  work 
shifts  and  occcupatlonal  accidents  In  a number  of  Yugoslav  undertakings). 
Sigurnost  15;  70-79,  1973. 

A literature  review  on  the  relationship  between  work  shifts 
(especially  the  night  shift)  and  accidents  Is  followed  by  the  de- 
scription of  a survey  carried  out  In  ten  Yugoslav  undertakings.  Ac- 
cident frequency  and  severity  Indexes  are  tabulated  and  broken  down 
according  to  the  three  shifts;  they  are  also  broken  down  Into  four 
two-hour  shift  periods  for  a factory  and  a coal  mine.  After  analysing 
the  data  collected,  the  author  concludes  that  the  differences  In  ac- 
cident frequency  during  various  shifts  may  be  due  to  differences  In 
Intensity  of  work,  fatigue  and  disrupted  circadian  rhythm. 
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Steer.  R.  A.  Moods  and  bforl\ytlMns  of  heroin  addicts.  Psychol.  Rep.  43: 
829~830(  1978. 

1718. 

Steinhoff.  M.  0.  TagesrhythoHsche  Sclmankunoen  von  Krelslauf,  Atming  und 
GasstoffMchsel  unter  fllegerlscher  Belastyng  (Circadian  rhythns  of  bold 
circulatis.'i,  respiration  and  catabolism  under  stress  In  a flight  simulator). 
8onn*6ad  Godesberg:  Deutsche  Forschungs-  und  Versuchsanstalt  fur  Luft-  und 
Raumfahrt.  Institut  fur  Flugmedltln.  OLR-FB  72-49,  1972,  S7  pp. 

In  order  to  determine  the  circadian  rhythms  of  physiological 
standards  under  the  stress  of  flying,  the  pulse  rate,  frequency  of 

results  shotted  an  exact  circadian  rhythm  with  gradual  ascent  of  the 
physiological  activity  during  the  morning  hours  until  a maxlimim  during 
the  early  morning.  The  nightly  trough  In  performance,  which  another 
time  1$  proven  by  our  results,  should  be  considered  seriously  In 
flight  schedules  of  mllltaiy  and  civilian  aviation. 
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Steinmetz,  K.  H.  Ole  Blorbythmen  und  Ihr  Cinfluss  auf  die  spcrtllche 
Lelstung.  (Biorhythms  and  their  Influence  on  sport  performance).  Lelstungs- 
sport  3:  217-224,  1972. 

1720. 

Stepanova,  S.  I.  Human  adaptation  to  some  types  of  day*n1te  cycle  In  space, 
lot.  Cong.  Aviat.  Space  Med..  21st,  Munich,  1973,  preprints  p.  80. 

1721. 

Stepanova,  S.  I.  Role  of  social  synchronizers  in  adaptation  to  unusual  dally 
schedules.  Kosm.  Biol.  Med.  7(1):  65-72.  1973. 

The  use  on  space  missions  of  work  and  rest  schedules  with 
significant  time  shifts  which  are  close  to  Inverted  makes  It  necessary 
to  study  the  possibility  of  Inverting  the  diurnal  cycles  of  phys- 
iological functions  of  man  exposed  to  social  and  physical 
Isolation.  There  Is  reason  to  believe  that  the  absence  of  traditional 
synchronizers  as  such  cannot  be  an  (>stac1e  to  Inversion  of  diurnal 
cycles  which  can  be  attained  using  existing  social  factors  and 
primarily  with  strict  adherence  to  a predetermined  work  and  rest  cy- 
cle. During  space  flight  restructuring  of  diurnal  cycles  Is  dif- 
ficult due  to  a number  of  factors.  Inversion  of  the  In-flight  work 
and  rest  cycle  Is  undoubtedly  a negative  phenomenon.  It  should  be 
avoided,  and  If  necessary,  the  diurnal  cycles  of  cosmonauts  should  be 
restructed  prio.*  to  flight  In  accordance  with  the  expected  "spac^day." 

1722. 

Stepanova,  $.  I.  Study  of  the  possibility  of  human  adaptation  to  a 16-hour 
dqy.  Kosm.  Biol.  Med.  7(3):  68-75,  1973. 
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The  poss1b111t;y  of  adapting  to  a 16-hour  work -sleep  cycle  (11 
hours  of  wakefulness  and  five  hours  of  sleep)  was  Investigated  In 
seven  test  subjects  (two  males  and  five  females).  The  experiment 
lasted  16  astronomical  d^ys.  The  result  gave  evidence  that  the  body 
temperature  did  not  change  under  the  Influence  of  a new  dally  schedule 
and  remained  related  to  the  real  time  of  day.  The  experimental 
findings  also  Indicated  that  If  the  test  subjects  went  to  sleep  after 
the  normal  time  their  sleep  was  longer  and  quiecer,  the  body  tem- 
perature being  altered,  "nrese  facts  are  discussed  from  the  point 
of  view  of  the  difficulties  Involved  In  adaptation  to  the  time  shifts 
accompanying  west-to-east  and  east-to-west  flights* 

1723. 

Stepanova,  S.  I.  Effect  of  transmerldlonal  flights  on  the  human  body*  Kosm. 

BIok  Aviakosm.  Wed.  8(1):  3-12,  1974. 

The  pertinent  literature  Is  reviewed.  The  functions  which  have  ex- 
hibited desynchronosis  after  transmerldlonal  flights  are  described. 

The  relationship  between  the  time  of  synchronization  of  circadian 
rhythms  In  the  body  and  local  time  and  the  level  of  the  time  change. 
Individual  factors,  geeographical  direction  of  the  flight  (to  the  west 
or  east)  and  the  "outgoing"  and  "return"  flight  Is  discussed.  Recom- 
mendations on  how  to  reduce  the  negative  effect  of  transmerldlonal 
flights  on  flight  personnel,  athletes  and  businessmen  are  presented. 

1724. 

Stepanova,  S.  I.  Biorhythmic  selection  of  cosmonauts.  Kosm.  Biol.  Aviakosm. 

Med.  9(11):  40-46.  1975. 

1725. 

Stepanova,  S.  I.  Dynamics  of  some  temperature  rhythm  phases  during  Its 

Inversion.  Kosm.  Biol.  Aviakosm.  Med.  9(1):  70-79,  1975. 

The  process  of  Inversion  of  the  diurnal  rhythm  of  body  temperature 
was  studied  In  two  test  subjects  durina  an  alternating  work-rest  re- 
gime. The  temperature  changes  during  Individual  phases  were 
Investigated.  With  respect  to  certain  phases  It  Is  concluded  that 
that  the  rate  of  restructuring  was  dependent  on  the  relationship  be- 
tween these  phases  and  the  level  of  the  physical  and  mental  activity 
of  the  body.  Inversion  of  the  temperature  rhythm  Induced  changes  In 
those  phases  of  the  temperature  curve  In  which  the  temperature  should 
not  have  changed  due  to  an  altered  work-rest  cycle.  In  evaluating  the 
completeness  of  the  restructuring  of  the  diurnal  rhythm  of  body  tem- 
perature brought  about  by  an  altered  work-rest  regime.  It  Is  Import- 
ant to  pay  particular  attention  to  body  temperature  In  the 
mlnlimmi  phase  and  In  the  adjacent  phases  because  In  these  phases  the 
rate  of  restructuring  of  the  temperature  rhythm  can  be  the  lowest. 

1726. 

Stepanova,  S.  I.  Use  of  elongated  and  shortened  days  In  space  flights.  Kosm. 

Biol.  Aviakosm.  Med.  9(3):  37-48,  1975. 
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Stepanova,  S.  I.  An  attempt  to  "Imbalance"  diurnal  pericdlces  of  potassium 
excretion  with  urine.  Kosm.  Biol . Aviakosm.  Med.  10(1):  76-86,  1976. 

1728. 

Stepanova,  S.  I.  Problemy  Kosmicheskol  Blologll:  Actual 'nye  Probl^ 
Kosmicheskol  Blorltmologn  (Problems  of  Space  Biology:  Current  Problws  In 
Space  Slorhythmology).  Moscow:  Iidatel'stvo  Nauka,  1977,  311  pp. 

This  book  covers  current  topics  In  space  biological  rhythms  with 
regard  to  the  prevention  of  desynchronization  In  space  crew.  A 
comparison  Is  drawn  between  desynchronosis  In  shift  workers  and 
circadian  changes  In  transmeridional  flights.  As  a result  of 
desynchronosis,  various  diseases  (gastric  and  neurological)  appear. 
Desynchronosis  Is  one  of  the  early  signs  of  disease  and,  having 
appeared  as  a result  of  disruption  of  the  customary  schedule  of  the 
day.  It  could  Itself  become  the  cause  of  different  diseases.  The 
author  develops  the  concept  of  Information-energy  cost  of  the  dally 
cycle,  which  refers  to  the  fact  that  the  amount  of  Information 
received  by  man  and  energy  expended  Is  a constant.  With  Increase  In 
duration  of  the  dally  cycle,  the  Information-energy  cost  per  hour 
should  decrease.  Also  developed  is  the  concept  of  rhythmic  stereotype 
which  defines  the  rhythmic  stability,  with  deviations  of  1-2  hours. 

The  author  demonstrates  that  a wisely  planned  work  and  rest  schedule 
Is  the  principal  means  of  preventing  desynchronosis.  She  defines 
three  rhythmic  types:  labile,  Inert  and  Intermediate  as  a basis  for 

blorhythmological  screening  of  cosmonauts.  Data  are  reviewed 
concerning  human  adaptability  to  phase  shifts  In  sleep-wake  cycle  and 
to  days  of  extended  length. 
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periodicity  following  life  rhythm  Inversion  In  Isolation.  Kosm.  Biol.  AvI 
ako!^:a.  Med.  9(5):  35-44,  1975. 

The  diurnal  dynamics  of  body  temperature  of  four  male  test  sub- 
jects was  studied  before  and  after  Inversion  of  their  sleep- 
wakefulness  cycle  In  the  anecholc  chairber.  One  test  subject 
showed  rearrangement  of  the  temperature  rhythm  In  accordance  with  the 
new  cycle  which  was  completed  by  the  llth  day  of  confined  life.  The 
other  test  subjects  displayed  only  a partial  adaptation  of  body 
temperature  to  the  ne<«  sleep-wakefulness  cycle  during  the  experiment. 


1731. 

Stephan,  F.  K.,  and  N.  S.  Kovacevic.  Multiple  retention  deficit  In  passive 
avoidance  In  rats  Is  eliminated  by  suprachlasmatic  lesions.  Behav.  Biol.  22: 
456-462,  1978. 
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Stephan,  F.  K.,  and  A.  A.  Nunez.  Developmental  plasticity  In 

retl  nohypo  thalamic  connections  and  the  entrainment  of  circadian  rhythm. 

Behav.  Biol.  22;  77-84,  1978. 
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Stephan,  r.  K.,  Swann,  J.  H. , and  Sisk,  C.  L.  Anticipation  of  24-hr  feeding 
schedules  In  rats  with  lesions  of  the  suorachlasmatlc  nucleus.  Behav.  Neural, 
Biol.  25;  545-554,  1979. 
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Stephan,  F,  K.,  Swann,  J.  M.,  and  C.  L.  Sisk,  Entrainment  of  circadian 
rhythms  by  feeding  schedules  In  rats  with  suprachlasmatic  lesions.  Behav. 
Neural.  Biol.  25;  545-554,  1979.  

Rats  with  lesions  of  the  suprachlasmatic  nucleus  (SCN)  and 
controls  were  maintained  In  constant  light  and  exposed  to  a restricted 
feeding  schedule  at  23  and  24-hr  Intervals,  as  well  as  to  a 12  hr 
phase  shift  In  the  feeding  schedule.  Despite  the  absence  of  circadian 
prelodicity  In  activity  or  drinking  In  11b. conditions,  rats  with 
SCN  lesions  showed  anticipatory  wheel  running  to  both  feeding 
schedules,  comparable  to  sham-operated  rats.  Following  the  12  hr 
phase  shift,  transients  qualitatively  similar  to  those  seen  following 
phase  shifts  In  the  light-dark  cycle  were  observed.  During  a 3-day 
period  of  total  food  deprivation  following  prolonged  entrainment  to  a 
24-hr  feeding  schedule,  wheel  running  persisted  with  a near  24-hr 
periodicity  while  return  to  ad  11b.  conditions  resulted  In  a rapid 
desynchronization  of  activity.  These  results  Indicate  that 
anticipatory  wheel  running  In  rats  with  SCN  lesions  Is  based  on 
endogenous  circadian  oscillators  which  are  entralnable  by  feeding 
schedules  In  the  circadian  range.  Apparently,  such  oscillators  free 
run  under  certain  conditions  (food  deprivation)  but  become  rapidly 
desynchronized  In  others  (^  11b.  feeding).  The  evidence  strongly 
supports  a multlosclllator  moiHeT  of  the  circadian  system  In  mammals. 
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Stolze,  H.  J.  Ole  tageszeltabhangigen  Schwankungen  fllegerlscher 
Lelstungskriterlen  1m  Flugslnulator  (The  dally  time  dependence  of  oscillations 
of  pilots'  performance  criteria  In  a flight  simulator).  Oetsche  Forschungs 
und  Versuchsanstalt  fur  Luft  und  Raumfahrt  Report  No.  OLR  F6  71-14,  65  pp., 
1971. 

In  order  to  Investigate  variations  In  pilots  performance,  possibly 
existing  In  dependency  on  time  of  day,  18  pilots  had  to  perform  a 
standardized  Instrument  flight  In  a simulator.  Their  deviations  from 
the  preset  flight  task  were  measured  and  their  responses  to  flight 
Incidents  were  evaluated.  The  results  showed  an  almost  constantly 
high  performance  plateau  during  the  late  afternoon  and  a trough  during 
the  night  hours  between  3 and  6 a.  m.  The  range  of  oscillation  In 
performance  parameters  amounting  to  28.lt  of  the  24  hour  mean,  was 
considerably  larger  than  that  of  reaction  time  with  8.1t,  which  was 
measured  at  the  same  time  for  reasons  of  comparison.  From  the  results 
It  can  be  concluded  that,  considering  the  nightly  trough  In 
performance,  pilots  on  night  flight  duty  may  be  subjected  to  a 
substantial  stress.  It  Is  suggested  that  a possible  safety  risk  can 
be  reduced  by  a sufficiently  long  rest  period  prior  to  the  night 
flight  duty  and  by  limiting  the  duration  of  the  night  woHc  shift. 


1740. 

Stone,  B.  N.,  and  A.  N.  Nicholson.  Studies  on  the  use  of  hypnotics  for 
day-time  and  night-time  sleep.  Aerospace  Med.  Assoc.,  Preprints,  1976,  pp. 
147-148. 


Previous  studies  (Nicholson  S Stone,  1976)  showed  that  temazepam 
was  an  effective  drug  for  night-time  sleep,  but  the  present  studies 
have  shown  that  the  effectiveness  of  temazepam  Is  much  less  than  that 
of  diazepam  for  day-time  sleep.  Diazepam  has  limited  effects  as  an 
hypnotic  at  night,  but  It  Is  much  more  effective  for  sleep  during  the 
day.  It  shortens  sleep  onset  latency,  and  maintains  sleep  during  the 
latter  half  of  a 6 h day-time  rest  period.  This  Is  seen  with  10  i 15 
mg  doses.  Unfortunately  the  15  mg  dose  of  diazepam  leads  to  Impaired 
performance  for  at  least  14  h after  Ingestion  (Borland,  Nicholson  i 
Wright,  1976)  and  so  It  would  appear  that  10  mg  diazepam  may  prove  to 
be  the  useful  dose  for  sleep  during  the  day.  It  Is  evident  that 
studies  on  the  effect  of  hypnotics  on  night-time  sleep  do  not  Indicate 
their  usefulness  for  sleep  during  the  day.  This  Is  particularly 
Important  for  aircrew  because  of  their  unusual  sleep  patterns,  and  the 
need  In  long  haul  operations  to  sleep  at  times  of  the  day  when  the 
circadian  rhythm  of  sleepiness  does  not  coincide  with  the  time 
available  for  rest.  Currently  used  hypnotics  may  not  be  appropriate 
for  sleep  at  unusual  times,  and  the  relative  effects  of  hypnotics  may 
vary  according  to  the  circadian  rhythm  of  the  subject. 


1741. 
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Learning  material  was  presented  to  Independent  groups  of  subjects 
either  after  arousal  from  non-RapId  Eye  Movement  (non-REH)  sleep, 
after  arousal  from  REM  sleep,  or  under  conditions  of  no  prior  sleep. 
Measures  of  Immediate  and  subsequent  free  recall  were  taken. 

Memory  performance  was  fbund  to  be  Impaired  where  learning  took 
place  after  non-REM  arousal.  This  was  manifest  In  the  number  of 
categories  recalled,  over  both  Immediate  and  subsequent  recall,  and  In 
the  number  of  Items  recalled  per  category  over  subsequent  recall.  It 
was  suggested  that  the  memory  performance  decrement  after  non-REM 
arousal  may  be  understood  In  terms  of  a retrieval  deficit  as  well  as  a 
coding  deficit.  It  Is  possible  that  the  former  Is  consouent  upon  a 
lower  general  level  of  arousal,  whereas  the  latter  Is  specific  to 
memory. 

1742. 

Storm.  W.  F.  Interaction  of  biorhythms  with  Air  Force  operational 
requirements.  IISAF  School  of  Aerospace  Medicine.  March,  1971. 
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Storm,  W.  F.,  et  al.  Aircrew  fatigue  In  nonstop,  transoceanic  tactical 
deployments.  In:  Studies  on  Pilot  Workload,  Neuilly-sur-Seine:  Nato. 

Advisory  Group  for  AerospacFlIesearcn  and  development.  A6ARD-CP-217,  1977, 
7 pp. 


The  central  Issue  addressed  by  this  study  was  operational 
effectiveness  following  long-range  deployment.  Stress  and  fatigue 
were  evaluated  In  F-4D  crews  before  and  after  flying  nonstop, 
transoceanic  deployments  from  New  Mexico  to  Germany  and  return.  The 
measurement  battery  consisted  of  subjective  fatigue  ratings,  self 
ratings  of  fitness  to  fly,  sleep  logs,  and  biochemical  analyses  of 
urine  samples  for  norepinephrine,  epinephrine, 

17-hydroxycort1costero1ds,  urea,  sodium,  and  potassium.  The  magnitude 
and  the  consistency  of  behavioral  and  physiological  changes  Indicated 
the  occurrence  of  mild  fatigue  Immediately  after  both  flights.  The 
fatigue  was  acute  and  was  ameliorated  by  one  uninterrupted  sleep 
period. 
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Storm,  W.  F.,  and  C.  L.  Glannetta.  Effects  of  hypercapnia  and  bedrest  on 
psychomotor  performance.  Aerosp.  Med.  45:  431-433,  1974. 

Two  weeks  of  continuous  exposure  to  simulated  weightlessness 
(bedrest)  and/or  an  elevated  (30  torr)  CO2  envirorment  had  no 
detrimental  effect  on  complex  tracking  performance,  eye-hand 
coordination,  or  problem-solving  ability*  These  results  were 
consistent  with  previously  reported  behavioral  findings  which 
Investigated  these  two  factors  only  as  Independent  stressors. 
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Storm,  W.  F.,  and  S.  F.  Gr«y.  Mlnuteman  missile  crew  fatigue  and  24>hour 
alerts.  TLSP:  Final  Report,  May  1977  - Feb.  1978.  Brooks  AFB,  Tex.:  School 
of  Aerospace  Medicine,  Rpt.  # SAM-TR-78-19,  1978,  15  pp. 

A battery  of  psychoblological  measures  was  used  to  evaluate  the 
degree  of  fatigue  experienced  by  missile  crews  performing  24-hour 
continuous  duty  alert  tours  at  Mlnuteman  launch  control  centers. 
Operationally  significant  findings  relative  to  the  duty  schedule 
occurred  for  subjective  fatigue  scores,  hours  slept  per  day,  and 
urinary  outputs  of  17-OHCS,  sodium,  and  potassium.  The  moderate 
postalert  fatigue  and  physiologic  cost  present  at  the  end  of  the 
24-hour  alerts  were  ameliorated  by  one  night  of  undisturbed  sleep. 

Values  Indicative  of  severe  crew  fatigue  or  stress  were  never  attained 
for  ar\y  of  the  measures.  A buildup  of  cumulative  fatigue  over  several 
alerts  could  be  avoided  by  scheduling  a minimum  of  two  consecutive 
nights  sleep  at  home  between  alerts.  The  Impact  of  the  duty  schedule 
on  contingency  and  emergency  situations  was  also  considered. 
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Storm,  W.  F.,  Storm,  W.  F.,  B.  0.  Hartman,  G.  P.  Intano,  and  6.  L.  Peters. 
Encocrine-metabollc  effects  In  short-duration,  high-workload  missions: 
feasibility  study.  Brooks  Air  Force  Base,  Tex.:  USAF  School  of  Aerospace 
Medicine,  1976,  Report  SAM-TR-76-30,  9 pp. 

A stuty  was  conducted  at  the  USAF  Instrument  Flight  Center  to  test 
an  augment  assembly  of  measures  for  assessing  the  relative  merits  of 
various  flight  Instrumentation  systems.  The  USAF  School  of  Aerospace 
Medicine  (SAM)  stress  battery  was  Included.  Although  the  study  was 
not  designed  so  as  to  permit  an  optimized  evaluation  of  the  SAM  stress 
battery,  the  following  results  were  noted:  anticipatory  stress,  mild 
flight  stress,  and  no  habituation  across  missions.  The  SAM  battery 
appears  to  be  a useful  addition  to  the  flight  Instrumentation  research 
program. 
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Storm,  U.  F.,  B.  0.  Hartman,  and  D.  L.  Makalous.  Aircrew  fatigue  In  nonstop, 
transoceanic  tactical  deployments.  In;  AMRO  Studies  on  Pilot  Workload, 
Brooks  AFB,  TX:  School  of  Aerospace  Medicine,  1577,  7 pp. 

Stress  and  fatigue  were  evaluated  In  F-4D  crews  before  and  after 
flying  nonstop,  transoceanic  deployments  from  New  Mexico  to  Germany 
and  return.  The  measurement  battery  consisted  of  subjective  fatigue 
ratings,  selfratings  of  fitness  to  fly,  sleep  logs,  and  biochemical 
analyses  of  urine  samples  for  norepinephrine,  epinephrine,  17-hydroxy 
corticosteroids,  urea,  sodium,  and  potassium.  The  magnitude  and  the 
consistency  of  behavioral  and  physiological  changes  Indicated  the 
occurrence  of  mild  fatigue  Immediately  after  both  flights.  The 
fatigue  was  acute  and  was  ameliorated  by  an  uninterrupted  sleep 
period. 


458 


M 

r 


1748. 

Storm,  W.  F.,  P.  H.  Henry,  F.  Sanford,  and  J.  C.  Noah.  Effects  of  low 
r i humidity  on  human  performance.  Brooks  AFB,  Tex.:  School  of  Aerospace 

1 Medicine,  RP  # SAM-TR-73-3,  1973,  18  pp. 

I i Human  volunteers  were  trained  to  high  levels  of  proficiency  on 

^ three  tasks  Involving  various  degrees  of  psychomotor  and  cognitive 

[ skills.  Environments  of  Q.d-mm.  water  vapor  pressure  and/or  simulated 

8.000-ft  barometric  pressure  had  no  adverse  effects  on  performance 
during  four  36-hour  chamber  exposures.  Systematic  day-night 
variations  were  found  for  Multidimensional  Pursuit  tracking  skill  and 
self-ratings  of  subjective  fatigue. 

1749. 

Storm,  W.  F.,  R.  C.  McNee,  R.  A.  Albanese,  and  B.  0.  Hartman.  The  effects  of 
two  stressors  on  traditional  and  engineering  analogues  of  cognitive 
functioning.  In:  Higher  Mental  Functlorring  In  Operational  Environments, 
edited  by  B.  0.  Hartman.  Neullly-sur-selne:  "HAto,  Advisory  Group  for 
Aerospace  Research  and  Development,  AGARD-CP-181,  1976,  pp.  Cll-1  - Cll-12* 

The  sensitivities  to  stress  of  traditional  psychometric  measures 
and  human  operator  technology  HOT)  engineering  parameters  were 
compared  In  two  experiments.  In  the  first  study,  the  effects  of  mild 
(8,000  ft)  and  moderate  (15,000  ft)  hypoxia  were  assessed.  In  the 
second  study,  standby  "alert"  duty  was  simulated.  Systematic 
comparison  was  made  between  performance  following  sudden  awakening  and 
performance  follwing  enforced  wakefulness.  A battery  of  tasks 
emphasizing  cognitive  processes  generated  traditional  performance 
measures.  Psychomotor  functions  Involving  vigilance,  problem  solving, 
short-term  memory,  and  compensatory  tracking  were  exercised.  In 
^ addition,  a two-dimensional  tracking  (NOT)  task  were  systematically 

varied  and  models  developed  for  each  condition.  Both  the  traditional 
task  measures  and  the  NOT  model  parameters  were  analysed  for  changes 
1 suggestive  of  alterations  in  cognitive  functioning.  The  data  suggest 

significant  Influences  of  both  stressors  on  cognitive  functioning. 
Conventional  performance  measures  from  the  NOT  task  were  more 
sensitive  to  the  stress  affects  than  the  traditional  task  battery. 

[ Preliminary  parameter  values  from  human  operator  modeling  did  not 

! reflect  stress  effects. 
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vigilance  performance  and  arousal  level.  In:  Vigilance:  Theory,  Operational 
Performance,  and  Physiological  Correlates,  edited  by  R.  R.  Mackle.  New  York: 
Plenum  Press,  19/7,  pp.  bi/-b2z. 

Twenty-four  male  volunteer  subjects  took  part  In  a 1-hour  visual 
vigilance  task  In  which  they  were  required  to  detect  flashes  of 
unusual  Intensity  In  a regular  series  of  flashes.  EEG  alpha 
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Incidence,  log  skin  conductance,  and  pulse  rate,  recorded  In  the 
10-second  period  prior  to  each  of  the  18  signal  presentations,  did  not 
distinguish  betMeen  signals  missed  and  signals  detected.  Analysis  of 
Individual  differences  In  EEC  change  revealed  significant  differences 
due  to  neuroticisffl  and  age.  Older,  less  neurotic  subjects  Improve 
their  performance  when  their  arousal  level  Is  raised;  younger,  more 
neurotic  Individuals  evidence  a performance  decrement  when  arousal 
level  Is  Increased.  Our  hypothesis  concerning  the  effects  of 
neuroticism  and/or  extraversion  on  the  vigilance-arousal  relationship 
was  supported. 
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Tgaku  5ho1n7  l974,  pp.  417-423. 
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bodrstvovanlla  (Operator  activity  In  a state  of  continuous  wakefulness).  In: 
Characteristics  of  Cosmonaut  Activities  During  Flight.  Moscow:  Izdatel'stvo 

Masninostroenie,  i9/o,  pp.  izi-iz/. 

Astronauts  In  space  flight  may  encounter  situations  whe<*e  they 
would  be  forced  to  perform  control  and  monitoring  operations  for 
prolonged  periods  of  wakefulness.  The  paper  describes  an  experiment 
performed  In  an  Isolation  chamber  to  evaluate  the  effects  of  prolonged 
wakefulness  - up  to  74  hours  - on  the  performance  of  operators  In 
reading  and  processing  Information  from  various  sensors.  A block 
diagram  of  a setup  for  monitoring  the  sensorimotor  functions  of 
operators  during  prolonged  wakefulness  Is  presented  and  curves 
Indicating  operator  performance  with  progressing  wakefulness  are 
given. 
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Sukharebskly,  L.  Biorhythms  and  mental  ability  to  concentrate  and  organize. 

Library  of  Congress  Science  and  Technology  (S  4 T)  Alert,  Item  No.  4490,  13 

March  1978. 

The  author  emphasized  the  Importance  of  organizing  personal 
work/r«st  patterns  In  order  to  avoid  mental  fatigue  and  Increase 
concentration.  He  recommended  performing  most  demanding  work  In  the 
morning,  with  Interruptions  every  40-45  minutes  for  brief  physical 
exercise  and  in>l5  minute  relaxation  every  2 hours. 


1765. 

Sulzman,  F.  M.,  C.  A.  Fuller,  L.  6.  Hlles,  and  M.  C.  Moore  Ede.  Circadian 
rhytMn  dissociation  In  an  envlrorment  with  conflicting  temporal  Information. 
Am.  J.  Physiol.  235:  R175-R180,  1978. 
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Tne  relative  contributions  of  11ght>dark(LD)  cycles  and  feeding 
(Er)  cycles  In  providing  temporal  Information  to  the  circadian 
t1me«keep1ng  system  were  examined  In  chair-acclimatized  squirrel 
monkeys  (Salmi r1  sclureus)*  The  circadian  rhythms  of  drinking, 
colonic  temperature,  urine  volume,  and  urinary  potassium  excretion 
were  measured  with  the  LD  and  EF  cycles  providing  either  conflicting 
phases  or  periods.  In  conflicting  phase  experiments,  animals  were 
exposed  to  24-h  LD  cycles  providing  either  conflicting  phases  or 
periods.  In  conflicting  phase  experiments,  animals  were  exposed  to 
24-h  LD  cycles  consisting  of  12  h of  600  lx  followed  by  12  h of  < 1 lx 
and  concurrent  24-h  EF  cycles  In  which  the  animals  ate  for  3 h and 
then  fasted  for  21  h.  One  group  had  food  available  at  the  beginning 
and  a second  group  at  the  end  of  the  light  period.  In  conflicting 
period  experiments,  monkeys  were  exposed  to  23-h  LD  cycles  (LD 
11.5:11.5)  and  24-h  EF  cycles  (EF  3:21).  Analysis  of  the  rhythms 
showed  that  both  phase  and  period  Information  were  conveyed  to  the 
drinking  and  urinary  rhythms  by  the  EF  cycle*  and  to  the  temperature 
rhythm  by  the  LD  cycle. 

1766. 

Sulzman,  F.  M*,  C.  A.  Fuller,  M.  NcLauphlln,  and  H.C.  Noore-Ede. 

Synchronization  of  primate  circadian  rhythms  by  food  timing  (abstract).  Fed. 

Proc.  36:  423,  1977. 

1767. 

Sulzman,  F.  H.,  C.  A.  Fuller,  and  M.C.  Moore-Ede.  Influence  of  light 

Intensity  on  squirrel  monkey  circadian  rhythms  (abstract).  Fed.  Proc.  38: 

832,  1978. 

1768. 

Sulzman,  F.  M.,  C.  A.  Fuller,  and  M.  C.  Moore-Ede.  Environmental 

synchronizers  of  squirrel  monkey  circadian  rhythms.  J.  Appl.  Physiol.: 

Respirat.  Environ.  Exercise  Physiol.  43:  795-800,  1977. 

Various  temporal  signals  In  the  environment  were  tested  to 
determine  If  they  could  synchronize  the  circadian  timing  system  of  the 
squirrel  monkey  ( Salmi r1  sclureus).  The  Influence  of  cycles  of  light 
and  dark,  eating  and  fasting,  water  availability  and  deprivation,  warm 
and  cool  temperature,  sound  and  quiet,  and  social  Interaction  and 
Isolation  was  examined  on  the  drinking  and  activity  rhythms  of 
unrestrained  monkeys.  In  the  absence  of  other  time  cues,  24-h  cycles 
of  each  of  these  potential  synchronizers  were  applied  for  up  to  3 wk, 
and  the  periods  of  the  monkey's  circadian  rhythms  were  examined.  Only 
light-dark  cycles  and  cycles  of  food  availability  were  shown  to  be 
entraining  agents,  since  they  were  effective  In  determining  the  period 
and  phase  of  the  rhythmic  variables.  In  the  presence  of  each  of  the 
other  environmental  cycles,  the  monkey's  circadian  rhythms  exhibited 
free-running  periods  which  were  significantly  different  from  24  h with 
all  possible  phase  relationships  between  the  rhythms  and  the 
environmental  cycles  being  examined. 
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1769. 

Sulziwn,  F.  H.,  C.  A.  Fuller,  and  M.  C.  Moore  Ede.  Feeding  time  synchronizes 
primate  circadian  rhythms.  Physiol.  Behav.  18:  775-779,  1977. 

Circadian  rhythms  of  squirrel  monkeys  maintained  In  constant  light 
and  temperature  can  be  entrained  by  24  hr  cycles  of  food  availability 
with  eating  for  3 hr.  and  fasting  for  21  hr  (EF  3:21).  Rhythms  of 
drinking,  body  temperature  and  urinary  potassium  and  water  excretion 
exhibited  periods  which  matched  the  24  hr  period  of  the  EF  3:21  cycle. 
These  results  suggest  that  temporal  patterns  of  food  Intake  are 
capable  of  synchronizing  the  circadian  tiemkeeping  system  which 
underlies  the  observed  rhythms. 


1770. 

Suizman,  F.  M.,  C.  A.  Fuller,  and  M.  C.  Moore  Ede.  Spontaneous  Internal 
desynchronization  of  circadian  rhythms  In  the  squirrel  monkey.  Comp.  Blochem. 
Physiol.  S8A:  63-67,  1977.  — 

The  circadian  rhythms  of  feeding,  colonic  temperature,  and  urinary 
potassium  and  water  excretion  persisted  with  free-running  periods  In 
chair-acclimatized  squirrel  monkeys  (Salmi r1  sclureus)  maintained  In 
Isolation  In  constant  bright  light.  Spontaneous  Internal  desynchro- 
nization, I.e.  separate  rhythmic  variables  oscillating  with  different 
periods,  was  shown  to  occur  between  the  rhythms  of  feeding  and  colonic 
temperature  ( 25  hr)  and  the  urinary  rhythms  ( 21  hr).  This 

evidence  Indicates  that  the  circadian  timing  system  In  squirrel 
monkeys  Is  composed  of  multiple  potential ly-independent  oscillators. 

1771. 

Suizman,  G.  H.,  C.  A.  Fuller,  and  M.  C.  Moore-Ede.  Comparison  of 
synchronization  of  primate  circadian  rhythms  by  light  and  food.  Am.  J. 
Physiol.  234:  R130-R135,  1978. 

Several  circadian  rhythms  In  squirrel  mofAeys  ( Salmi r1  sclureus) 
entrained  by  two  different  agents  were  studied  to  compare  their  mode 
of  coupling  with  the  environmental  Zeitgebers.  Synchronization  was 
accomplished  either  by  ll^t-dark  cycles  consisting  of  12  h of  600  lx 
followed  by  12  h of  <1  lx  (LO  12:12),  or  by  eat- fast  cycles  In  which 
the  animals  could  eat  for  3 h and  then  had  to  fast  for  the  remaining 
21  h each  day  (EF  3:21).  The  rhythms  of  drinking,  colonic 
temperature,  and  urinary  potassium  and  water  excreetlon  were  measured 
In  chair-acclimatized  monkeys.  The  drinking  and  urinary  rhythms  were 
more  reproducible  (smaller  mean  variance)  and  more  stable  (smaller 
standard  deviation  of  the  timing  of  a phase  reference  point)  In  EF 
than  In  LO  cycles,  whereas  the  temperature  rhythm  was  more  tightly 
controlled  by  LD  cycles  than  by  EF  cycles  within  one  day,  while  the 
temperature  rhythm  required  about  6 days  to  resynchronize.  In 
contrast,  previously  published  data  for  a similar  phase  delay  In  the 
LD  cycle  with  food  available  ad  1 1 b1 turn  show  that  the  drinking  and 
temperature  rhythms  resynchronTzed  more  rapidly  than  the  urinary 
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r^thms.  These  results  Indicate  that  separate  mechanisms  are  Involved 
In  transducing  temporal  cues  from  LD  and  EF  cycles  In  the  circadian 
timekeeping  system  of  these  nonhuman  primates* 

1772. 

Suizman,  F.  M.,  C.  A.  Fuller,  and  M.  C.  Moore  Ede.  Extent  of  circadian 
synchronization  by  cortisol  In  the  squirrel  monkey.  Comp.  Blochem.  Physiol 
59A;  279-283,  1978.  — ^ 


1.  The  circadian  timing  system  In  primates  consists  of  an 
organization  of  multiple  oscillators  In  various  tissues  internally 
synchron I zed  through  hormonal  and  neural  coupling.  To  test  the  scope 
of  the  circadian  rhythm  of  plasma  cortisol  concentration  as  a 
synchronizing  mediator,  adrenal ectoml zed,  chair-acclimatized  squirrel 
monkeys  (Salmi r1  Sclureus)  uere  studied. 

2.  With  each  monkey  Isolated  In  constant  light  (600  lx),  a pulse 
of  10  mg  cortisol  was  administered  via  a chronically  Implanted  venous 
catheter  at  08:00  hr  dally. 

3.  The  circadian  rhythm  of  renal  potassium  excretion  was 
entrained  to  a 24  hr  period  by  the  cortisol  rhythm,  but  the  circadian 
rhythms  In  feeding  and  bo((y  temperature  were  not  synchronized  by 
corti sol . 

4.  These  findings  confirm  that  the  plasma  cortisol  rhythm  acts  as 
an  Internal  synchronizer  of  renal  potassium  excretion,  but  demonstrate 
that  It  plays  no  role  as  a general  hormonal  coupler  of  circadian 
oscillators. 

5.  The  oscillators  which  compose  the  circadian  timing  system 
would  appear  to  be  arranged  In  a hierarchical  organization  so  that 
the  feedback  action  of  cortisol  on  the  pituitary-adrenal  axis  does  not 
synchronize  the  entire  circadian  system. 


1773. 

Suizman,  F.  M.,  C.  A.  Fuller,  and  M.  C.  Moore-Ede.  One  second  light  pulses 
entrain  circadian  rhythms  In  a diurnal  primate.  Fed.  Proc.  33;  1318,  1979. 

1774. 

Suizman,  F.  M.,  C.  A.  Fuller,  and  M.  C.  Moore-Ede.  Phasic  effects  of  light  on 
a diurnal  primate  (abstract).  Chronoblologla  6:  161,  1979. 

1775. 

Suizman,  F.  M.,  C.  A.  Fuller,  and  Moore-Ede,  M.  C.  Tonic  effects  of  light  on 
the  circadian  system  of  the  squirrel  monkey.  3.  Comp.  Physiol.  129:  43-50, 
1979.  

1776. 

Suizman,  F.  M.,  W.  Schmel zer,  C.  A.  Fuller,  J.  C.  Zimmerman,  and  M.  C. 
Moore-Ede.  Specificity  of  cortisol  as  an  Internal  synchronizer  of  circadian 
rhythms  In  the  squirrel  monkey  (abstract).  Fed.  Proc.  35:  694,  1976. 
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The  tonic  effects  of  constant  llflht  were  exanlned  on  the 
organization  of  the  circadian  time-keeping  system  of  squirrel  monkeys^ 

The  rhythms  of  feeding,  colonic  temperature  and  urinary  potassium 
excretion  were  measured  In  chair-restrained  animals  maintained  In  1 
lux,  60  lux  or  600  lux  In  Isolation  chambers  at  constant  temperature 
with  food  available  ad  lib.  When  compared  to  previous  results  from 
monkeys  synchronlzedTyTTght-dark  cycles,  there  was  a reduction  In 
the  ranges  (R)  of  all  3 rhythms  In  constant  light.  As  the  Intensity 
of  light  Increased,  the  coaputed  ratio  Increased  fOr  the  feeding  and 
temperature  rhythms  but  not  for  the  renal  potassium  rhythm.  The 
average  free-rurning  period  (t)  for  all  three  rhythms  was 
approximately  25  h,  and  long  term  experiments  with  unrestrained 
monkeys  showed  a small  lengthening  of  t with  brighter  light.  There 
was  a much  broader  distribution  of  t for  the  urinary  potassium  rhythm 
than  for  the  feeding  and  temperature  rhythms.  Spontaneous  Internal 
desynchronization  between  the  potassium  rhythm  and  the  feeding  and 
temperature  rhythms  occurred  In  approximately  one-quarter  of  the 
experiments,  with  the  light  Intensity  having  no  Influence  on  the 
Incidence  of  desynchronization. 

1777. 

Swade,  R.  H.,  and  C.  S.  Pittendrigh.  Circadian  locomotor  rhythms  of  rodents 
In  the  Arctic.  Nat.  101:  431-463,  1967. 

1778. 

Swann,  J.  M.,  and  F.  K.  Stephan.  Anticipation  of  24  hour  feeding  schedules  In 
rats  with  lesions  of  the  suprachlasmatic  nuclei  and  hypophysectomy.  Soc. 
Neurosci.  Abstr.  5:  225,  1979. 

1779. 

Swensson,  A.  Spezlelle  gesundheltllche  Gefahrdung  von  Nacht-  und 
Schichtarbeit,  elnschllessHch  deren  Vorbeugung.  In:  Aktuelle  Probleme  de_r 
Arbeltsumwelt.  edited  by  J.  Rutenfranz  and  R.  Singer,  Vol . 38.  Stuttgart:  A. 
W.  Gente  Verlag,  1971,  pp.  45-60. 

1780. 

Swensson,  A. , edi tor.  Proceedings  of  the  second  International  symposium  on 
night  and  shift  work,  Slanchev  Biyag,  1971  (Studia  laborls  et salutis  no.  il ) . 
stockhFIm:  Natlo^  Institute  of  Occupational  Health,  1972. 

1781. 

Swoboda,  H.  Die  Perloden  des  menschllchen  Lebens  In  Ihrer  psychologlschen 
und  blojogischen  Bedeutung  (The  periodicl^  of  human  life  in  ks  psychological 
and  biological  meaning).  Leipzig:  Franz  Oeuticke,  1904. 

1782. 

5<woboda.  H.  Studlen  zur  Grundlegung  der  Psychol  ogle  (Studies  on  the 
fundamentals  of  psychoTogyTI  Leipzigl  Franz  oeuticxe,  1905. 
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1783. 

Swoboda,  H.  Pit  krltlscht  Tay  dtt  Htntchen  und  Ihrtr  deryhnuno  mit  dem 
PerlodenschlDer)  The  critical  (filH*  of  huwans  and  their  calculation  w1tR“the 
period  Slide  rule).  Leipzeig:  Franz  0eut1cke«  1909. 

The  author  describes  the  design  of  a slide  rule  to  inalce  It  simple 
to  find  biorhythm  cycle  critical  days. 


1784. 

Swoboda.  H.  Das  Slebenjahr  (The  jfear  of  seven).  Vienna:  Orlon-Verlao.  1917. 
579  pp. 


With  documentation  covering  hundreds  of  family  trees*  he 
endeavored  to  prove  that  most  major  events  In  life  fall  on  biorhythmic 
periodic  days  and  Involve  family  relationships. 


1785. 

Swoboda*  H.  Die  Bedeutung  des  Slebenjahr  Rhythmus  fur  die  menschllche 
Vererbung  (The  significance  of  the  seven  year  rhythnrTbTliuman  heredity). 
Florence:  Industrie  Tipografica  Florentine*  1954. 

1786. 

Syroonds*  C.  P.*  and  D.  J.  Ullllams.  Clinical  and  statistical  study  of 
neurosis  precipitated  by  flying  duties.  In:  Aircrew  Stress  In  Wartime 
Operations*  edited  by  E.  J.  Dearnaley  and  P.  B«  warr.  ~Lon3on:  Academic 
Press*  1979*  chapt.  2*  pp.  9-41. 

1787. 

Szafarczyk*  A.*  J.  Nouguler- Soule*  I.  Assenmacher.  Diurnal  locomotor  and 
plasma  corticosterone  rhythms  In  rats  living  on  photoperiodical ly  lengthened 
"days”.  Int,  J.  Chronoblol.  2:  373-382*  1974. 

1788. 

Szafarczyk*  A.*  J.  Nouguler -Soule*  and  I.  Assenmacher.  Responses  of  the 
diurnal  locomotor  and  adrenocortical  rhythms  In  rats  exposed  to  a weekly  8-h 
phase  shift  of  the  Zeitgeber.  In:  Environmental  Endocrlnolo^*  edited  by  J. 
Assenmacher  and  D.  S.  Farner.  New  York:  ^rlnger-Veriag*  19/8*  pp.  200-201. 

1789. 

Szafarczyk.  A.*  J.  Nouguler-Soule*  and  I.  Assenmacher.  Effects  of  repetitive 
weekly  shifts  of  the  photoper Iodic  'Zeitgeber*  on  the  diurnal  rhythms  of 
locomotor  activity  and  of  plasma  corticosterone  In  the  rat.  Ergonomics  21: 
867*  1979.  

Female  rats  which  had  been  adapted  In  bunkers  to  a lighting 
regimen  of  8L-160  (L:0800  - 1600h.50  lux)*  were  then  expoosed  for  9 
weeks*  every  seventh  day*  to  a s1n«;^e  phase-shift  of  8 h (-120")  of  the 
Zeitgeber.  Locomotor  activity  was  recorded  continuously  from 
actographic  cages.  The  estliMtIon  of  the  day-to  day  shift  of  the 
acrophase  by  Halberg's  Nolse/SIgnal  method  showed  that  4 to  7 days 
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were  typically  required  for  a resynchronisation  of  the  locomotor 
rhythm  to  the  zeitgeber.  However*  a joint  matrix  analysis  (Statls 
method)  revealed  that  resynchronisation  occurred  significantly  earlier 
every  third  week,  1,  e.  when  the  phase  of  the  synchroniser  returned  to 
Its  original  timing  (L: 0800-1 600h).  From  measurements  of  plasma 
corticosterone  taken  between  days  2 and  4 of  the  fifth  week  of  the 
experiment.  It  would  appear  that  the  patterrr  of  r^synchronlsatlon  of 
the  rhythm  In  this  variable  was  similar  to  that  of  the  locomotor 
rhythm. 


1790. 

Takaqt,  K.  Influence  of  shift  Moric  on  time  and  frequency  of  meal  taking.  J. 
Hum.  Ergol.  1;  195-205.  1972. 

Effect  of  shift  wirk  on  time  and  frequency  of  meals  of  workers  at 
an  Iron  works,  a chemical  factory,  and  five  textile  factories  were 
Investigated,  and  the  results  were  compared  with  two-mea1  habits  In 
former  times.  A meal  was  defined  as  an  occasion  when  two  or  more 
kinds  of  food  were  taken.  Meal  time  proved  to  be  affected  by  an 
evening  or  night  shift,  resulting  In  a decrease  of  meal  frequency 
among  up  to  nearly  half  the  workers.  Many  tended  to  omit  either 
breakfast  or  a midday  meal,  but  to  take  the  evening  meal  at  regular 
hours.  Few  shift  workers  Increased  meal  frequency.  Female  double-day 
shifters  generally  had  three  meals  a day,  though  the  midday  meal  had 
to  be  delayed  by  the  morning  shift.  Bibliographical  studies  on  meal 
habits  In  the  early  modern  period  In  Japan  demonstrate  that  a change 
from  two  to  three  meals  a day  was  accomplished  In  the  18th  century  by 
adding  a third  meal  following  the  late  afternoon  meal,  the  latter  then 
becoming  the  chief  meal  at  midday.  Modern  Industrial  work  has  helped 
establish  the  three-meal  habit  In  accordance  with  the  lengthening  of 
activity  time  toward  the  night  hours,  the  chief  meal  being  taken  In 
the  evening.  It  remains  doubtful,  therefore,  whether  the  two  meals  of 
modern  shift  workers  supply  enough  nutrients. 

1791. 

Takahashi,  K,,  K.  Hanada,  and  Y.  Takahashl.  Factors  entraining  circadian 
rhythms  In  mammals:  factors  setting  the  phase  of  the  circadian  adrenocortical 

rhythm  In  rats.  In:  Biological  Rhythms  and  Their  Central  Mechanism,  edited 

by  M.  Suda,  0.  Hayalshi,  and  H.  Nakagawa.  New  Yorkl  El sevi er/North-Hol 1 and 
Biomedical  Press,  1979,  pp.  189-198. 

1792. 

Takahashl,  K.,  K.  Inoue,  K.  Kobj^ashl,  C.  Hayafuji,  Y.  Nakamura,  and  v. 
Takahashl.  Effects  of  food  restriction  on  circadian  adrenocortical  rhythm  In 
rats  under  constant  lighting  conditions.  Neuroendocrinol.  23:  193-199,  1977. 

Influences  of  food  restriction  on  the  circadian  adrenocortical 
rhythm  were  studied  In  blinded  and  unblinded  rats  under  constant 
light  (LL).  Blinded  rats,  which  were  allowed  access  to  food  ad 
libitum,  manifested  a phase  shift  of  the  circadian  adrenocortTc^al 
rhythm.  However,  restricted  feeding  between  19.00  and  21.00  h for  2 
weeks  prevented  the  phase  shift  and  the  peak  levels  of  plasma 
corticosterone  (B)  still  appeared  at  19.00.  On  the  other  hand, 
unblinded  rats,  allowed  to  feed  ad  libitum,  showed  an  abolition  of  the 
circadian  periodicity  of  adrenocortical  activity  5 weeks  after 
exposing  the  rats  to  LL.  However,  the  rhythm,  synchronizing  with  the 
feeding  periods  was  promptly  recovered  under  food  restriction.  These 
results  suggest  a synchronizing  and  generating  action  of  feeding  for 
the  circadian  adrenocortical  rhythm. 


468 


1793. 

Takahash1»  K.,  K.  Inoue,  and  Y.  Takahashl.  No  effect  of  plnealectony  on  the 
parallel  shift  In  circadian  rhythms  of  adrenocortical  activity  and  food  Intake 
In  blinded  rats.  Endocrinol.  (Jpn)  23:  417-421,  1976. 

Twentyfour-hr  patterns  of  plasma  corticosterone  levels  were 
determined  at  4-hr  Intervals  every  3-4  weeks  In  sighted  and  blinded 
pinealectomized  rats  of  adult  age.  Through  the  whole  period  of  the 
experiment,  24-hr  patterns  of  food  Intake  were  also  measured  weekly. 

‘i.iese  results  Indicate  that  the  pineal  gland  does  not  play  any 
•^ant  role  either  in  the  maintenance  of  normal  circadian 
pc.  odicitles  of  adrenocortical  activity  and  food  Intake  or  In  the 
shift  In  circadian  rhythms  of  the  two  activities  In  the  blind  rats. 

1794. 

Takahashl,  K.,  K.  Inoue,  and  Y.  Takahashl.  Parallel  shift  In  circadian 
rhythms  of  adrenocortical  activity  and  food  Intake  In  blinded  and  Intact  rats 
exposed  to  continuous  Illumination.  Endocrinol.  100:  1097-1107,  1977. 

1795. 

Tapp,  W.  N.  Disrupting  Circadian  Organization  Produces  Retrograd  Amnesia  (Ph. 
0.  thesis).  University  of  Oklahoma,  1979,  63  pp. 

1796. 

Tapp,  W.  N.,  and  F.  A.  Holloway.  Phaseshift  Induced  amnesia:  effects  of 
shock  Intensity  and  ACTH  4-10.  Soc.  Neurosci . Abstr.  5:  324,  1979. 
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Tasker,  0.  I.,  S.  G.  Kinel,  and  T.  J.  Tredicl.  The  effect  of  sleep 
deprivation  on  visual  function  In  U.  S.  Air  Force  flying  personnel. 

Aerospace  Med.  Assoc.,  Preprints,  1974,  pp.  41-42. 


This  was  a pilot  study  on  the  possible  retinal  pathophysiological 
effects  Induced  by  prolonged  sleep  deprivation.  The  unexpected  large 
variance  In  the  E06  of  the  sleep- deprived  group  compared  to  that  of 
the  control  non  sleep-deprived  group  needs  further  stu(ty.  It  Is  not 
considered  significant  that  the  sleep- deprived  group  was  drawn  from 
patients  who  were  scheduled  for  a sleep-deprived  electroencephalogram. 

In  this  experiment,  the  significant  finding  Is  that  some 
sleep-deprived  subjects  exhibited  a statistically  significant  variance 
In  their  ratios  on  the  EOG  as  compared  to  a control  group.  No 
significant  changes  on  the  ERG  were  detected.  There  was  no  detectable 
abnormality  In  the  ERG  or  EOG  Induced  by  sleep  deprivation  of  over  24 
hours. 
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Tasto.  0.  L.,  H.  J.  Colllgan,  E.  W.  Skjel,  and  S.  J.  Polly.  Heal th 
consequences  of  shift  work.  Menlo  Park,  CA.:  SRI  International,  (JRU-4426, 
1575.137  pp. 

This  30«month  stu<t/»  conducted  by  SRI  International  and  sponsored 
by  the  National  Institute  for  Occupational  Safety  and  Health, 
Investigated  the  effect  of  working  unconventional  hours,  1.  e. 
afternoon,  night,  and  rotating  shifts,  on  the  psychological  and 
physiological  well-being  of  workers.  Data  for  a sample  of  about  1200 
nurses  and  a similar  number  of  food  processors  were  collected  by 
review  of  health  and  accident  files  and  from  the  administration  of  a 
lengthy  questionnaire.  Areas  of  Inquiry  Included:  basic  subject 
demography  (e.  g.  age,  sex,  race,  marital  status,  and  length  of 
employment).  Incidence  and  prevalence  of  physical  complaints  and 
Illness  histories;  eating  patterns:  sleep  patterns:  medication  usaoe; 
life  style  and  domestic  pattens;  and  psychological  profiles.  The 
results  of  extensive  computer  analyses  of  the  health  and  accident 
records  and  the  questionnaire  data  are  reported  In  separate  sections 
of  this  report.  Findings  confirm  studies  of  European  shift  workers 
that  demonstrate  a significantly  greater  difficulty  In  adapting  to 
work  schedules  experienced  by  all  other  categories  of  shift  worker 
than  by  day  shift  workers.  Rotating  shift  workers,  who  not  only  work 
at  unconventional  hours  but  who  move  from  shift  to  shift,  clearly 
encounter  the  most  difficulty  In  adjusting  their  psycho-biological 
rhythms  and  patterns  to  their  work  schedules.  Shift  work  may  well 
pose  a distinct  health  hazard  for  cerain  rotating  shift  workers.  An 
adaptation  Index,  developed  In  conjunction  with  the  analyses  of 
questionnaire  results.  Indicates,  among  other  things,  that  shift 
workers  adapt  best  if  (1)  they  are  not  too  neurotic,  (2)  they  are 
satisfied  with  their  shift  schedules,  and  (3)  they  are  satisfied  with 
the  type  of  work  they  are  doing. 
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Taub,  J.  H.  Effects  of  daytime  napplnq  on  performance  and  mood  In  a college 
student  population.  J^.  Abnorm.  Psychol.  85:  210-217,  1976. 

The  effects  of  daytime  naps  on  performance  and  mood  were  studied. 

The  subjects  were  eighteen  helathy  <nole  university  students  who 
habitually  slept  1/2  hr. -2  hr.  In  the  afternoon.  Measurements  were 
obtained  from  an  auditory  reaction  time  task  and  a mood  adjective 
checklist  20  min.  before  and  after  a control  condition  and  two 
electroencephalographlcally  recorded  afternoons  of  sleep.  The 
experimental  conditions  comprised  a 2-hr.  period  of  wakefulness,  a 1/2 
hr.  nap  from  4:35  5:05  p.m.  and  a 2-hr.  nap  from  3:05-5:05  p.m. 

Following  each  sleep  treatment  there  where  statistically  significant 
shifts  of  Improved  reaction  time  performance  and  elevated  subjected 
arousal  as  assessed  by  the  mood  scales,  when  compared  with  the  control 
condition.  The  effect  of  Increased  efficiency  f allowing  sleep  was 
approximately  equivalent  In  extent  between  2-hr,  and  1/2-hr.  naps. 

These  findings  Indicate  that  behavioral  and  psychological  functions 
are  facilitated  by  short  periods  of  habitual  sleep  In  the  afternoon. 
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Taub,  J.  M.  Individual  differences  In  the  effects  of  altered  sleep  duration 
and  sleep  period  time  displacements.  Europ.  Congr.  Sleep  Res.,  3rd, 
Montpellier,  1976,  pp.  406-408, 

The  purpose  of  this  study  was  to  compare  the  magnitude  of 
differences  produced  by  effects  of  shifting  sleep  time  and  altering 
sleep  duration  between  long  sleepers  and  regular  7-  to  8-hour  sleeper 
studied  under  identical  experimental  designs.  Results  showed  that  a 
3-hour  advance  or  del  Ay  and  a 3-hour  extension  or  reduction  of 
established  7-  to  8-hour  and  9.5-  to  10.5-hour  sleep  periods  of 
resulted  in  generally  equivalent  degrees  of  Impaired  performance.  The 
findings  further  indicate  that  7-  to  8-  hours  sleepers  were  more 
Imparied  by  acute  alterations  in  the  length  and  timing  of  sleep  than 
habitual  long  sleepers. 
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Effects  of  habitual  variations  In  napping  on  psychomotor 
performance,  short-term  memory  and  subjective  states  were 
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Investigated.  The  subjects  were  32  healthy  male  university  students 
who  napped  twice  or  more  weekly  In  the  morning  and  at  night.  Sixteen 
were  randomly  assigned  to  a control  group  and  16  to  a nap  (treatment) 
group.  The  experiment  comprised  two  conditions  of  electrographlcally 
(EGG)  recorded  sleep  for  the  nap  group  and  two  EEG  monitored 
conditions  of  wakefulness  for  the  controls.  These  conditions  were 
scheduled  from  9:35  to  11:35  a.  m.  and  12  hr.  later  between  9:35  p.m. 
and  11:35  p.  m.  Measurements  were  obtained  from: (a)  a continuous 
10-m1n  auditory  reaction  time  task,  (b)  a free  recall  task  of 
short-term  memory,  (c)  and  activation-mood  adjective  check  list,  and 
(d)  the  Stanford  Sleepiness  scale.  Except  for  memory  the  dependent 
variables  of  waking  function  were  assessed  20  min  before  and  20  min 
after  all  conditions.  Following  each  sleep  condition  the  nap  groups 
opposed  to  the  controls  showed  a statistically  significant  Improvement 
In  reaction  time  performance,  higher  short-term  retention,  less 
reported  sleepiness  and  elevated  subjective  states  reflected  by  five 
factors  on  the  adjective  mood-activation  check  list.  Among  the 
correlations  computed  the  largest  significant  coefficients  were  of 
stage  4 and  REM  with  post-treatment  Stanford  Sleepiness  ratings.  After 
naps.  Increased  postdormital  sleepiness  was  correlated  with  stage  4 
and  decreased  sleepiness  with  REM  sleep.  Although  few  strikingly 
divergent  functional  effects  were  associated  with  morning 
and  nocturnal  naps,  these  did  covary  with  sleep  psychophysiology.  It 
Is  postulated  that  the  phase,  the  EEG-sleep  stages  and  possibly  the 
duration  of  accustomed  naps  are  less  salient  factors  Influencing 
performance  when  the  time  since  awakening  until  behavioral  assessment 
can  be  kept  constant. 
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Taub,  J.  M.,  and  R.  J.  Berger.  Extended  sleep  and  performance:  the  Rip  Van 

Winkle  effect.  Psychon.  Scl.  16:  204-205,  1969. 

An  Investigation  was  undertaken  of  the  possible  effects  upon 
performance  of  sleep  In  excess  of  that  habitually  taken.  Twelve  Ss 
worked  on  15-m1n  vigilance  and  calculation  tasks  on  2 successive  days 
30  min  after  either  8 or  11  h of  nocturnal  sleep.  The  order  of  sleep 
length  and  task  presentation  was  counterbalanced  among  Ss. 

Performance  on  the  vigilance  task  was  significantly  poorer  after  11  h 
of  sleep  than  after  8 h of  sleep  (p  » .05).  Performance  on  the 
calculation  task  was  unaffected  by  the  sleep  condition.  The  results 
Indicate  that  extended  sleep  can  produce  decrements  In  performance 
similar  to  those  which  occur  with  sleep  deprivation. 
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Taub,  J.  M.,  and  R.  J.  Berger.  Effects  of  acute  shifts  In  the 

sleep-wakefulness  cycle  on  performance  and  mood.  Psychophyslol.  9:  132,  1972. 
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Taub,  J.  M.,  and  R.  J.  Berger.  Performance  and  mood  following  variations  In 

the  length  and  timing  of  sleep.  Psychophysiology  10:  559-570,  1973. 
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The  relative  effects  of  extended  sleep,  sleep  deprivation,  and 
shifts  of  accustomed  sleep  time  on  subsequent  performance  and  mood 
were  studied.  Ten  regular  2400-0800  sleepers  worked  on  E-paced 
addition  and  vigilance  tasks,  and  completed  an  adjective  check  list  to 
rate  their  mood  following  2100-0800  extended,  2100-0500 
advanced-shift,  2400-0800  habitual,  0300-0800  deprivation,  and 
0300-1100  delayed-shift  conditions  of  sleep.  Accuracy  and  speed  of 
response  on  the  vigilance  task  were  significantly  poorer,  and  negative 
affect  was  signigicantly  greater  after  the  conditions  of  shifted' sleep 
and  altered  sleep  duration  than  after  the  habitual  sleep  condition. 
Changes  In  the  mood  and  performance  measures  were  unrelated  to  prior 
sleep  length  or  aqy  specific  alterations  In  the  electrophyslological 
patterns  of  sleep. 
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Taub,  J.  M.,  and  R.  J.  Berger.  Sleep  stage  patterns  associated  with  acute 
shifts  In  the  sleep-wakefulness  cycle.  Electroencepb.  Clin. 

Neurophysiol.  35:  613-619,  1973.  

1813. 

Taub,  J.  M. , and  R.  J.  Berger,  Acute  shifts  In  sleep-wakefulness  cycle: 
effects  on  performance  and  mood.  Psychosom.  Med.  36:  164-173,  1974. 

Ten  regular  12-8  a.  m.  8-hour  sleepers  performed  a 5-m1n 
experimenter- paced  calculation  task,  a 30-m1n  vigilance  task  and 
completed  an  adjective  check  list  to  rate  their  mood  following  a 12-8 
a.  m.  habitual  sleep  condition  and  8 p.  m.  -4  a.  m.  , 10  p.  m.-6a.  m. 

2-10  a.  m.,  and  4 a.  m. - 12  p.  m.  conditions  of  shifted  sleep.  After 
the  shifted  sleep  conditions  compared  to  the  12-8  a.  m.  condUlon 
performance  on  the  vigilance  and  calculation  tasks  was  significantly 
Impaired,  and  negative  effect  was  significantly  greater  as  measured  by 
three  scales  of  the  adjective  check  list.  Sleep  length  did  not  differ 
between  the  various  conditions  and  the  decrements  In  performance  and 
mood  were  unrelated  to  any  specific  changes  In  the 
electrophyslological  patterns  of  sleep. 
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Taub,  J,  M.,  and  R.  J,  Berger.  Effects  of  acute  shifts  In  circadian  rhythms 
of  sleep  and  wakefulness  on  performance  and  mood.  In:  Chronobloloqy,  edited 

by  L.  E.  Scheving,  F.  Halberg,  and  J.  E.  Pauly.  Tokyo:  Igaku  Sho1nri974, 
pp  • 571**575* 
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Taub,  J,  M, , and  R.  J.  Berger.  Altered  >leep  duration  and  sleep  period  time 
displacements:  effects  on  performance  In  habitual  lono  sleepers.  Physiol. 
Behav.  16:177-184,  1976.  ' 
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Taub,  J,  M. , and  R.  J.  Berger.  Altered  sleep  duration,  sleep  period  time 
displacements,  performance,  sleep  stages  and  Individual  differences 
(abstract).  Sleep  Res.  5:  218,  1976. 
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Taub,  J,  M.,  and  R,  J.  Berger.  Effects  of  acute  sleep  pattern  alteration 
depend  upon  sleep  duration.  Physiol.  Psychol.  4;  412-420,  1976. 

The  magnitude  of  the  differences  In  performance,  body  temperature, 
and  sleep  stages  following  reduced,  habitual,  extended,  and  shifted 
sleep  was  compared  In  two  groups  of  10  healthy  male  university 
students  who  regularly  slept  nocturnal ly  for  7-8  or  for  9-5-10.5  h. 
Measurements  were  obtained  of  sublingual  temperature  and  from  a 45-n1n 
Wilkinson  audltyory  vigilance  task  30  min  after  awakening  In  the 
morning,  at  midday,  and  In  the  evening  following  five 
electro-encephalographically  recorded  nights  of  sleep.  The 
experimental  treatments  comprised  a habitual  sleep  condition  and  four 
conditions  In  which  the  regular  sleep  period  was  lengthened,  reduced, 
delayed,  and  advanced  by  3 h.  After  all  sleep  conditions,  the  long 
sleepers  compared  with  the  control  (7-8  h)  group  had  a higher  daily 
level  of  body  temperature,  less  misses  on  the  vigilance  task,  and 
shorter  reaction  times.  As  a result  of  the  mean  difference  In  total 
sleep  time  existing  between  groups,  under  all  conditions  the  control 
subjects  averaged  less  stage  2 and  stage  REM  sleep,  but  more  of 
established  7-8  h and  9.5-i0.5  h sleep  periods  all  result  In  generally 
equivalent  degrees  of  Impaired  performance.  The  present  findings 
Indicate  that  7-8  sleepers  were  more  Impaired  by  acute  alterations  In 
the  length  and  timing  of  sleep  than  habitual  long  sleepers. 
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of  sleep.  J.  Exp.  Psychol.  Hum.  Percept.  Perfortn.2;  30-41,  1976. 

The  relative  effects  of  extended  sleep,  reduced  sleep,  and  shifts 
of  habitual  sleep  time  on  subsequent  performance  and  mood  were 
studied.  Ten  healthy  male  university  students  who  regularly  slept 
9.5-10.5  hr  were  the  subjects.  Measurements  were  obtained  from  a 
45-m1n  auditory  vigilance  task,  a 5-m1n  experimenter-paced  addition 
task,  and  a mood  adjective  check  list  30  min  after  awakening,  at 
midday,  and  In  the  evening  following  five  el ectroencephal ©graphically 
recorded  nights  of  sleep.  The  experimental  treatments  comprised  a 
9.4-10.5  hr  habitual  sleep  condition  and  four  conditions  In  which  the 
regular  sleep  period  was  lengthened,  reduced,  delayed,  and  advanced  by 
3 hr.  Following  each  3-hr  altered  condition  of  sleep  there  was  an 
equivalent  decline  In  vigilance  performance  and  In  subjective  arousal 
as  measured  by  the  mood  scales.  Together  with  other  recent  evidence, 
the  present  results  support  the  hypothesis  that  acute  disruption  of 
the  24-hr  sleep-wakefulness  cycle  produces  degradations  In  human 
performance  largely  Independent  of  total  sleep  time. 
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Taub,  J.  M.,  and  D.  R.  Hawkins.  Nocturnal  sleep  schedules,  performance,  mood 
and  diurnal  rhythms.  Sleep  Res.  6:  115,  1977. 
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Taub,  J.  M.,  and  D.  R.  Hawkins.  Aspects  of  personality  associated  with 
Irregular  sleep  habits  In  young  adults.  Clin.  Psychol.  35:  296-304,  1979. 

Studied  psychological  correlates  of  irregularity  In  chronic  sleep 
routines.  The  California  Psychological  Inventory  (CPI)  and  Cornell 
Medical  Index  (CMI)  were  administered  to  two  groups  of  18  male 
university  students  who  were  categorized  as  either  Irregular  sleepers 
or  control  Ss.  The  control  group  was  composed  of  persons  who 
habitually  slept  from  12-8:00  A.M.  Irregular  sleepers  were  defined  as 
those  whose  retiring  and  awakening  times  continuously  varied  by  about 
2 to  4 hours.  Control  Ss  scored  significantly  higher  than  the 
Irregular  group  on  the  CPI  scales  of  Do  (dominance),  Syu 
(sociability),  Sa  (self-acceotance).  Sc  (self  control),  Ac 
(achievement  via  conformance),  and  Je  (Intellectual  efficiency),  but 
lower  on  the  Fx  (flexibility)  scale.  There  were  no  significant 
differences  between  the  groups  In  scores  on  the  CMI  or  average  sleep 
length  recorded  over  2 weeks.  The  present  findings  Indicate  that  In 
young  adults,  personality  functioning  Is  related  more  closely  to  the 
regularity  of  nocturnal  sleep  routines  than  to  differences  In  chronic 
sleep  duration.  It  Is  postulated  that  stable  or  Irregular  sleeping 
patterns  are  largely  dependent  factors  not  only  of  the  psychological 
characteristics  that  distinguished  the  groups,  but  as  yet  unspecified 
constitutional  and  sociocultural  antecedents  of  the  human  sleep 
response. 
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(abstract).  Sleep  Res.  7:  164,  1978. 
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physiological  variables:  performance  and  self-reported  activation.  Biol. 

Psychol.  5:  191-210,  1977. 
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Fluctuations  In  physiological  variables  resulting  from  naps  and 
the  relationship  of  these  to  previously  studied  changes  In  performance 
and  subjective  activation  associated  with  napping  were  examined.  The 
subjects  were  eighteen  healthy  male  university  students  who  habitually 
slept  1/2-2  hr  In  the  afternoon.  Measurements  were  obtained  of  four 
physiological  variables,  from  a continuous  10-m1n  auditory  reaction 
time  task  and  two  factors  of  an  Activation  Deactivation  Adjective 
Checklist  20  min  before  and  after  a control  condition  and  two 
electroencephalographically  recorded  afternoons  of  sleep.  The 
experimental  conditions  comprised  a 2-hr  period  of  wakefulness,  a 1/2 
hr  nap  from  4. 35-5. OS  p.  m.,  and  1 2-hr  nap  from  3.05-5.05  p.  m. 
Following  each  sleep  treatment,  when  compared  with  the  control 
condition,  there  were  statistically  significant  shifts  of  Improved 
reaction  time  performance,  and  elevated  activation  as  reflected  by  the 
two  self-report  scales.  Increased  EEG  frequency,  heart  rate,  and 
electrodermal  responses.  The  shifts  of  Increased  behavioral 
efficiency,  subjective  and  physiological  activation  were  approximately 
equivalent  In  extent  between  2-hr  and  1/2-  hr  naps.  These  findings 
Indicate  that  besides  the  previously  reported  facilitation  by  naps  of 
performance  and  mood,  physiological  activation  Is  Increased  following 
accustomed  episodes  of  afternoon  sleep. 
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Occup.  Med.  20;  127-132,  1970.  

This  paper  reviews  the  present  state  of  knowledge  of  the 
physiological  and  social  effects  of  shift  work,  and  attempts  to  assess 
the  often  contradictory  opinions  of  various  authors.  After  Indicating 
the  different  patterns  of  shift  work  which  are  possible,  some  of  them 
Irregular  and  largely  unpredictable  (as  In  the  case  of  seamen  and 
hospital  doctors,  for  example),  and  presenting  statistics 
showing  the  distribution  of  shift  workers  In  Britain  by  type  of  shift 
and  sector  of  Industry,  the  author  considers  medical  aspects 
(difficulties  In  sleeping,  digestive  complaints,  etc.)  and  presents 
some  conclusions  concerning  the  effect  of  shift  work  on  health.  He 
then  discusses  the  social  difficulties  encountered  by  many  shift 
workers  and.  In  view  of  the  overlapping  of  medical  and  social 
problems,  suggests  that  a joint  stu4y  of  the  question  might  be 
undertaken  by  a social  scientist,  a physiologist  and  a physician. 
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1830. 

Taylor,  P.  J.  The  effects  of  shift  work  on  worker  health*  J.  Med.  Surg.  42: 

13-19,  1973.  

1831. 

Taylor,  P.  J.,  and  S.  J.  Pocock.  Mortality  of  shift  and  day  workers,  1956-68. 

Brit.  j_.  Industr.  Med.  29:  201-207,  1972. 

Little  research  has  been  reported  about  the  long-term  effects  of 
shift  work.  An  Investigation  Is  described  on  6,603  male  manual 
workers  from  10  organizations  In  England  and  Wales  designed  to  assess 
the  mortality  experience  of  day,  shift,  and  ex-shift  workers.  Three 
major  types  of  shift  system  were  Involved.  All  had  been  employed  by 
the  same  organization  for  not  less  than  10  years  and  the  follow-up 
period  was  between  1956  and  1968.  Only  22  men  cc  ^d  not  be  completely 
traced  and  the  cause  of  death  was  obtained  for  ali  but  eight  of  the 
1578  deaths.  Man-years  at  risk  for  each  group  were  calculated  In 
order  to  compare  observed  deaths  with  those  expected  from  national 
mortality  rates.  The  overall  number  of  deaths  was  very  close  to  that 
expected  and  no  significant  excess  mortality  was  found  In  either  the 
shift  or  ex-shift  groups.  Shift  workers  In  some  age  groups  had  higher 
mortality  than  expected  but  this  was  not  consistent  between  either 
organizations  or  types  of  shift  work.  A stu<ty  of  14  ir.a1n  causes  of 
death  revealed  some  differences  from  national  experience  In  both  day 
and  shift  workers  but  these  can  be  attributed  to  regional  and 
occupational  differences.  To  eliminate  any  occupational  factor  the 
mortality  of  skilled  craftmen  and  their  mates  was  compared  for  day  and 
shift  work  with  no  evidence  of  any  shift  work  effect.  The  results 
lead  to  the  conclusion  that  shift  work  would  appear  to  have  no  adverse 
effect  upon  mortality. 

1832. 

Taylor,  P.  J.,  S.  J.  Pocock,  and  R.  Sergean.  Absenteeism  of  shift  and  day 

workers.  A study  of  six  types  of  shift  system  In  29  organizations.  Rr.  J. 

Ind.  Med.  29:  208-213.  1972.  

Previous  evidence  on  the  effect  of  shift  work  upon  absence 
behaviour  Is  conflicting,  this  being  due  In  part  to  the  variety  of 
In  shift  systems  In  use.  A study  Is  described  In  which  absence 
records  over  two  years  were  obtained  for  nine  hundred  and  sixty-five 
matched  pairs  of  shift  and  day  workers  from  twenty-nine  organizations. 

Six  types  of  shift  system  were  Involved,  providing  comprehensive 
coverage  of  shift  work  In  the  United  Kingdom.  Matching  was  achieved 
for  sex,  age,  workplace,  and  occupation.  Absence  records  Included 
certified  sickness,  short  sickness,  and  non-medical  absence.  The 
overall  results  showed  that  shift  workers  had  less  absence  of  all 
three  types  than  their  colleagues  on  day  work,  this  difference  being 
most  marked  In  the  numbers  of  men  having  several  episodes.  No 
significant  differences  were  found  In  the  diagnostic  pattern  of 
certified  absence.  Comparisons  between  day  work  and  each  of  the  six 
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typts  of  shfft  wort  did  not  provide  ai^  definite  conclusions  as  to 
their  relative  merits  as  far  as  absence  Is  concerned.  The  results 
from  the  different  organizations  were  not  wholly  consistent,  but  a 
substantial  majority  followed  the  general  trend. 


1833. 

Taylor,  T.  C.  A Study  of  the  Relationship  of  the  Intelligence  B1o»Rhythm  and 
High  School  Stu'3ehts  HentTPAbll  1 ty  Test  Scores  (Ph.o.  Thesis).  UniWsity 
oTTenluclcy  ,“1975: 

1034. 

Tebbs,  R.  B.  Post-awakening  visualization  performance  as  a function  of 
anxiety  level,  REM  or  REM  sleep,  and  time  of  night.  Colorado  Springs,  Colo.: 
U.  S.  Air  Force  AcadeiRy,  SRL-TR-72-005,  1972  , 76  pp. 

The  determinants  of  post-arousal  performance  (PAP)  decrement  are 
not  well  established.  Prior  research  has  suggested  that  PAP  should  be 
better  on  cognitive  tasks  after  REM  than  after  NREM  sleep,  level  of 
anxiety  and  time-of-night  (TON)  also  have  been  Implicated  as  being 
Imnportant  In  PAP.  On  the  basis  of  their  04  scores  (calm- tense)  on 
the  16  PF,  16  "calm"  and  16  moderately  "tense"  young  adult  male  Ss 
were  aroused  twice  each  night  on  two  non-consecutive  nights  In  tTie 
labotatory  and  tested  with  two  visualization  tests  In  a 3 to  15  min. 
period  after  arousal  REM  and  NREM  awakenings  were  counterbalanced  for 
early  (about  1:00  A.  M.)  and  late  (about  3:00  A.  M.)  positions  across 
nights  and  subjects.  No  REM-NREM  effects  were  found  on  PAP.  This  was 
Interpreted  to  mean  that  PAP  deficits  for  the  post-awakening  period 
tested  are  due  to  the  Ionic  effects  of  sleep  <nd  not  to  sleep 

stage.  TON  effects  were  not  Interpreted,  since  awakenings  could  not 
be  positioned  according  to  the  pre-experlmental  plan.  No  significant 
PAP  differences  were  found  between  calm  and  tense  Ss.  One  significant 
difference  was  found  between  the  PAP  of  night  ^ an?  the  performance 
of  comparable  day  Ss.  Specifically,  a comparison  of  the  day  Ss' 
second  trial  and  tKe  night  fourth  trial  showed  that  tense*^' 
performance  was  Inferior  at  night  to  that  In  the  day.  No  such 
difference  was  found  between  day-  and  night-calm^.  These  results 
strongly  suggest  that  the  most  Important  determinant  of  PAP  Is  the 
anxiety  level  of  the  Ss. 


1835. 

Tejmar,  J.  Shift  work  round  the  clock  In  supervision  and  control.  Appl. 
Ergonom.  7:  66-74,  1976. 

1836. 

Telegct^,  G.,  I.  Vermes,  and  K.  Lissak.  Correlation  between  the  diurnal  rhythm 
of  brain  serotonin  and  plasma  corticosterone  In  rats.  In:  Cellular  and 
Molecular  Bases  of  Neuroendocrine  Processes,  edited  by  E.  Endroczl.  5u?apest: 
Akademlal  K1ado,*T976,  pp.  451-459. 
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1837. 

Templeton,  J.  Biorhythm:  If  your're  exasperated  It  must  be  Wednesday* 

Sales  and  Marketing  Management  121:  58-59,  1978. 

1838 

Tepas,  0.  I.,  C.  G.  Stock,  J.  W.  Maltese,  and  J.  K.  Walsh.  Reported  sleep  of 
shiftworkers:  a prel  Ininary  report  (abstract).  Sleep  Res.  7:  313,  1978. 

1839. 

Tepas,  0.  I.,  J.  k,  Walsh,  P.  0.  Moss,  and  D.  Amstrono.  Polysoainopraphic 
correlates  of  shift  worker  performance  In  the  Uboratory  (abstract).  In: 

Int.  Sywp.  on  Night-  and  Shift-work,  5th,  Rouen,  FR.,  1980,  p.  II 1-8. 

1840. 

Thackray,  R.  I.,  R.  M.  Touchstone,  and  J.  P.  Bailey.  A comparison  of  the 
vigilance  performance  of  men  and  women  using  a simulated  radar  task. 

Oklahoma  City.  OKL.  : Civil  Aeromedical  Inst.,  FAA-AM-78-11,  1978,  11  pp 

Possible  sex  differences  are  considered  In  the  ability  to  sustain 
attention  to  a complex  monitoring  task  requiring  only  a detection 
response  to  critical  stimulus  changes.  The  visual  display  was 
designed  to  approximate  a futuristic,  highly  autoaiated  air  traffic 
control  radar  display  containing  computer- generated  alphanumeric 
symbols.  Twenty-six  men  and  an  equal  number  of  women  were  each  tested 
over  a 2 hour  session.  Sixteen  targets  appeared  on  the  screen  at  all 
times,  with  10  signals  (a  deslgnatej^  change  In  the  alphanwnerlcs) 
randomly  presented  during  each  half  hour  of  tne  test  session. 

Detection  latency  to  the  signals  Increased  significantly  during  the 
session,  but  there  was  no  evidence  of  any  significant  difference 
between  the  sexes  In  the  magnitude  or  pattern  of  this  Increase-  The 
results  are  discussed  In  terms  of  a general  decline  In  alertness  that 
was  apparently  equal  for  both  sexes. 

1841. 

Tharp,  V.  K.  Sleep  loss  and  stages  of  Information  processing.  Waking  and 
Sleeping  2:  29-33,  1978. 

The  reaction  time  (RT)  performance  of  seventeen  male  subjects  (Ss) 
was  tested  during  four  consecutive  sessions:  Baseline  1.  Baseline  2, 
Sleep  Deprivation  (one  night)  and  Recovery.  The  difficulty  of  the 
task  was  varied  by  manipulating  two  leveU  of  stimulus  discrimln- 
ability,  two  levels  of  stimulus-response  compatibility,  and  two  levels 
of  stimulus- response  uncertainty  In  a balanced  design.  For  each 
possible  condition,  the  means  of  the  25%  fastest  and  the  25%  slowest 
RTs  were  calculated.  These  data  were  then  analyzed  and  Interpreted 
within  the  framework  of  an  Information  processing  model  by  means  of 
the  Sternberg  (1969)  additive  factor  method.  The  results  Indicate 
that  sleep  loss  has  two  primary  effects  on  choice  RT.  First,  It 
produces  Wpses  In  performance  *4i1ch  are  not  readily  Interpretable 
within  the  framework  of  the  proposed  Information  processing  model. 

Second,  It  produces  a highly  significant  performance  deficit  In  the 
fastest  RTs  which  appears  to  be' a slowing  of  the  response  selection 
process* 
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1842. 

Theorell,  T.,  and  T.  Akerstedt.  Day  and  night  v«rk:  changes  in  cholesterol, 
uric  acid,  glucose  and  potassium  In  serum  and  In  circadian  patterns  of  urinary 
catecholamine  excretion*  Acta  Hed*  Scand.  200;  47-53,  1976* 

Tmo  groups  of  railway  workers  (n*16  and  n*17)  have  been  followed 
on  their  place  of  work  during  a period  of  shifts  between  day  and  night 
work.  Catechol aiiilne  excretion  In  the  urine  and  blood  levels  of 
lipids,  glucose,  uric  acid,  potassium  and  calcium  were  followed  during 
the  different  phases  of  shift  work.  Iramatlc  fluctuations  were  noted 
In  the  diurnal  pattern  of  catecholamine  excretion  during  and  after 
night  work.  Significant  elevations  In  the  serum  levels  of 
cholesterol,  glucose,  uric  acid  and  potassium  were  observed  during  the 
first  week  after  a night  shift,  and  these  changes  could  not  be 
explained  on  the  basis  of  shifts  In  the  diurnal  pattern  or  changes  In 
dietary  or  other  habits. 

1843. 

Thierry,  H.  Potential  Interventions  for  compensating  shift  work 
Inconveniences  (abstract).  In:  Int.  Symp.  on  N1ght»  and  Shift-work,  5th, 

Rouen,  Fr*,  1980,  p.  IV-7* 

1844. 

Thierry,  H.,  G.  Hoolwerf,  and  P.  J.  0.  Drenth.  Attitudes  of  permanent  day  and 
shift  workers  towards  shiftwork  - a field  study  (abstract).  Int.  0, 
Chronoblol.  3:  10-11,  1975. 

1845. 

Thils-Evensen,  E.  Shift  work  and  health.  In:  On  Wight  and  Shift  Work, 
edited  by  A.  Swensson.  Proceedinas  of  an  International  symposTum,  Osio,  1969. 
(Studia  Labor  Is  et  Salutls,  no*  4).  Stockholm:  National  Institute  of 
Occupational  Health,  1960,  pp.  81-83* 

1846. 

Thommen,  G.  Biorhythm  Cyclgraf.  New  York*  Biorhythm  Computers,  1961. 


1847. 

Thommen,  G.  S.  Is  This  Your  Day?  How  Biorhythm  Helps  You  Determine  Your  Life 
Cycles.  Hew  Yor^:  Crown  l^ubllshlng  Co*,  l9/3,  rev.  ed*,  160  pp.' ' 

This  book,  originally  published  In  1964,  stimulate*;  liif;  recent 
surge  of  popular  Interest  In  "biorhythm".  The  b1orhyti;m  method  was 
developed  by  Wilhelm  FI  less  and  Herman  Swoboda  and  pcstul^ces  the 
existence  of  three  cycles:  a 23  day  (physical)  cycle  Influences 
physical  strength,  endurance,  energy,  and  physical  confidence;  a 28 
day  (emotional)  cycle  Influences  feeling,  love,  cooperation  and 
Irritability;  and  a 33  day  cycle  (Intellectual)  corresponds  to 
learning,  memory  and  creative  thinking.  The  theory  holds  that  these 
cycles  are  generated  (synchronized)  from  the  momer.t  of  birth  and  cycle 
with  constant  period  length  throughout  the  lifetime  of  any 
Indiviudual.  "Critical"  days  are  de/lned  as  days  whicn  occur  on 
boundary  points  between  low  and  high  phases  of  each  cycle  In  which 
Individual  performance  Is  deteriorated  and  Individuals  are  more 
accident  prone  than  on  other  days  during  a given  cycle.  This 
deterioration  1$  enhanced  during  simultaneous  occurrence  of  critical 
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days  betMeen  the  three  cycles  (doid>1e  cricitcal  or  triple  critical). 
The  book  presents  a detailed  account  of  the  historical  development  of 
biorhythm.  Swoboda  discovered  periodicities  In  fevers  tdtich  led  to 
studies  of  rhythms  In  dreams,  asthma  attacks  and  anxiety  In  mothers  of 
new>born  babies  In  which  he  claimed  the  existence  of  23  and  28  day 
cycles  with  "critical  days"  In  the  phases  of  these  rhythms.  An 
associate  of  Freud,  FI less  also  studied  rhythms  In  disease  states  and 
tied  the  23  day  (male)  and  28  day  (female)  cycles  Into  a general 
theory  of  human  bisexuality.  Alfr^  Teltscher  later  found  33  day 
cycles  In  student  Intellectual  performance  (apparently  never 
published).  Rexford  Hershey  reported  33-36  day  cycles  In  the  mood  of 
Industrial  workers.  Methods  of  calculating  and  charting  biorhythms 
were  later  developed  by  Alfred  Judt  and  Hans  Frueh.  Hans  Schwing 
first  studied  the  relationship  between  accident  statistics  and  phases 
of  the  biorhythm  cycles  which  led  to  the  formulation  of  the  "critical" 
day  concept.  The  author  quotes  a number  of  other  Investigators 
claiming  to  have  demonstrated  significantly  higher  accident  rates  on 
critical  days.  The  author  then  relates  anecdotal  Information  on  the 
connection  between  aviation  and  space  flight  accidents  and  performance 
lapses  and  critical  days.  He  quotes  R.M.  Woodham  of  the  Guggenheim 
Aviation  Safety  Center  at  Cornell  University,  idto  claims  that  80%  of 
private  pilot  accidents  occur  on  critical  days  (which  statistically 
constitute  20%  of  the  total  number  of  days).  He  mentions  the  use  of 
biorhythm  safety  programming  by  a number  of  business  companies  In 
Japan.  A number  of  examples  of  athletic  performance  In  relation  to 
biorhythm  phases  are  presented.  Although  It  Is  admitted  that  rhythms 
may  be  present  prior  to  birth,  the  author  maintains  that  the  trauma 
and  excessive  environmental  stimulation  of  birth  synchronizes  all 
three  cycles  at  the  moment  of  birth.  He  justifies  the  Invariant 
precision  of  biorhythm  periods  by  analogy  to  the  precision  of 
circadian  rhythms.  It  Is  further  suggested  that  biorhythm  can  be  used 
to  predict  the  sex  of  a child  based  on  the  claim  that  when  the 
mother’s  physical  cycle  Is  high  the  egg  Is  predisposed  to  accepting  Y 
chromosome  cells  (no  supportive  evidence  Is  presented).  Finally,  he 
claims  that  couples  whose  biorhythmic  cycles  are  closely  In  phase  will 
be  more  compatible  than  those  couples  In  which  the  cycles  are  out  of 
phase  (biorhythm  compatibility).  This  claim  seems  to  be  Intuitive 
rather  than  based  on  experimental  evidence. 
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1848. 

Thomson,  H.  M.  Biorhythm  for  Life:  A life  Time  Universal  Biorhythm  Chart. 
North  Andover,  M371  Evergreen  PubllsKIng,  1974,  U4  pp. 


1849. 

Thumann,  A.  Biorhythms  and  Industrial  Safety.  Atlanta:  Fairmont  Press. 

1977,  166  pp. 

1850. 

Ticca,  M.  Effects  of  reversing  the  feeding  cycle  and  the  light  period  on  the 
spontaneous  activity  of  the  rat.  £TA.  NU^.  6:  153-160,  1976. 

1851. 

Tilley,  A,  J.,  R.  T.  Wilkinson,  and  M.  Orud,  Night  and  day  shifts  compared  In 
terms  of  the  quality  of  sleep  recorded  In  the  home  and  performance  efficiency 
measured  at  work  (abstract).  In:  Int.  Symp.  on  Night-  and  Shift-work.  5th. 
Rouen,  Fr.,  1980,  p.  I I 1-9. 

1852. 

Tobler,  I,,  et  a1.  Short  light-dark  cycles  and  paradoxical  sleep  In  the  rat: 
effect  of  strain  difference  and  hypophysectony.  Behav.  Biol.  23:  395-398, 

1978. 

1853. 

Tokarz,  T.  P.,  An  analysis  of  sleep  deprivation  factors  and  consequences  of 
staying  awake  In  the  stimulus  control  treatment  of  sleep  disturbances.  II. 
North  Carolina,  Greensboro,  1977,  162  pp. 

1854. 

Tolaas,  J.  REM  sleep  and  the  concept  of  vigilance.  Biol.  Psychiatry  13: 
135-148,  1978.  ^ 

1855. 

Tom,  C.  K.  Nursing  assessment  of  biological  rhythms.  Nurs.  Clin.  North  Am. 
11:  621-30,  1976. 

1856. 

Tomarchenko,  I.  S.  Evaluation  of  the  functional  state  of  the  human  boc(y  under 
protracted  flight  conditions.  Biol.  Nauki  17:  39-42,  1974. 

1857. 

Tooraen,  L.  A.  Physiological  effects  of  shift  rotation  on  ICU  nurses 
(abstract).  HRP-0011547/7GA,  1972,  8 pp. 

The  physiological  effects  on  Intensive  care  unit  nurses  of 
rotating  from  night  to  day  schedules  are  examined.  Nine  nurses 
employed  In  four  Intensive  care  units  In  two  hospitals  participated  In 
the  study  in  which  physiological  effects  of  shift  rotation  were 
measured  through  examination  of  urinary  excretion  of  potassium  and 


sodfun,  a inathod  chosan  In  light  of  underlying  biological  or  circadian 
rhythms  of  excretion  of  these  electrolytes.  The  basic  assumption  of 
the  stu4y  was  that  stressors,  regardless  of  their  nature,  cause 
homeostatic  upsets.  Results  revealed  that  the  shift  rotation  followed 
by  the  nurses  did  not  produce  s significant  physiological  adaptalon  to 
reversing  their  act1v1ty*s1eep  or  stress  patterns.  Nurses  continued 
to  follow  the  same  physiological  activity  patterns  regardless  of 
whether  they  slept  during  daylight  or  night  hours.  Supporting  data 
and  a review  of  literature  on  'chronoblology*  are  Included. 

1858. 

Tope,  0,  Blorhythmlsche  Einflusse  und  Ihre  Auswirking  In  Fuhrparkbetrleben 
(Blorhythmicai  influences  ano  tneir  effect  on  the  operaTTon  or  trucking 
fleets).  Hannover:  Stadtehyglene,  1%6. 

The  author  claims  to  have  found  that  83t  of  accidents  occurring  to 
street  cleaners  and  shopworters  take  place  on  biorhythmic  critical 
days* 


1859. 

Torsvall,  L.,  and  T.  Akerstedt.  Shift  work  and  diurnal  type:  a questionnaire 
study  (abstract).  Chronoblologla  6:  163,  1979* 

1860. 

Townsend,  R.  E. , L.  C.  Johnson,  and  A.  Muzet.  Effects  of  long  term  exposure 
to  tone  pulse  noise  on  human  sleep.  Psychophyslol.  10:  369-376,  1973. 

1861. 

Treherne,  J.  E. , W.  A.  Foster,  P.  D.  Evans,  and  C.  N.  Ruscoe.  Free-running 
activity  rhythm  In  the  natural  environment.  Nature  269:  796-797,  1977. 


1862. 

Tribukalt,  B.  Die  Aktivltatsperlodik  der  welssen  Naus  1m  Kunsttag  von  16-29 
Stunden  Lange.  Z.  Vergl.  Physiol.  38:  479-490,  1956. 

1863. 

Tsai,  T.  H. , and  T.  Sasaki.  Phase-shifting  of  circadian  activity  rhythm  in 
hamsters  following  alterations  In  lighting  schedules  (abstract). 
Chronoblologla  6:  165,  1979. 


1864. 


Tsaneva,  N.,  and  M.  Oaleva.  Field  study  of  the  diurnal  changes  of  the  adrenal 
system  (abstract).  Int.  J^.  Chronoblol.  3:  7,  1975. 


The  changes  In  the  17-ketostero1ds  and  the  catecholamines  were 
determined  In  aquanauts,  supermarket  cashiers  and  miners.  In  relation 
to  shift  work  and  the  circadian  rhythm. 

Our  Investigations  showed  that  studying  the  changes  In  the 
circadian  rhythm  by  following  the  changes  In  the  catecholamines  and 
the  17-ketostero1ds  It  was  possible  to  obtain  satisfactory  results. 


We  were  able  to  draw  the  following  conclusion:  when  Investloatlng  the 
circadian  rhythn  under  field  conditions  there  exist  iwdy  additional 
factors  idilch  could  Influence  the  excretion  of  the  17-ketostero1ds  and 
the  catecholamines,  and  thus  could  mask  or  disturb  the  circadian 
rhythm.  Among  the  factors  which  may  have  this  effect  are  the 
emotional  stress,  the  degree  of  adaptatlonal  effect,  fatigue  which 
precedes  the  work  and  the  character  of  the  task  which  Is  perfomied. 


1865. 

Tsaneva,  N.,  E.  Dincheva,  S.  Oouney,  I.  HadJIolova  and  H.  Oaleva. 

Physiological  and  biochemical  changes  during  morning  and  afternoon  shifts. 

Ergonomics  21:  873,  1978. 

Working  heart  rate  and  the  urinary  excretlcr.  of  catecholamines, 

17-  oxycorticosterolds  and  17-  ketosterolds  were  studied  In  airline 
booking  display  operators  working  on  morning  shift  (0700  h to  1500  h) 
and  on  afternoon  shift  (1100  h to  1900  h)  with  dally  alternation. 

Whereas  at  11:00  h no  difference  In  heart  rate  was  observed  between 
the  shifts,  at  1300  h and  1500  h It  was  significantly  higher  when  the 
subjects  were  on  morning  shift  than  when  they  were  on  afternoon  shift. 
Similar  results  were  obtained  for  the  biochemical  measures.  Thus 
changes  In  heart  rate  and  In  catecholamine  and  steroid  excretion  due 
to  fatiue  and  strain,  can  be  distinguished  from  those  caused  by 
circadian  variation. 

1866. 

Turton,  M.  B.,  and  T.  Deegan.  Circadian  variations  of  plasma  catecholamine, 

cortisol,  and  Immunoreactive  Insulin  concentrations  In  supine  subjects.  Clin. 

Chim.  Acta.  55:  389-397,  1974. 

1867. 

Tyurin,  V.  Biorhythms  In  space  flight.  Wauka  1 Zhizn  11:  43-47,  1976. 

This  laboratory  Is  working  on  a method  of  blorhythmological 
selection  of  astronauts.  A complex  of  criteria  and  a test  program 
have  been  developed. 


1868. 

Ulbrecht,  G.»  r.  Meier,  R.  Rothenfuber,  and  K.  V.  Werder.  Time  dependence  of 
the  flight  Induced  Increase  of  free  urinary  cortisol  secretion  In  jet  pilots. 
In:  Simulation  and  $tu<l^  of  High  WorkiMd  Operations,  edited  by  A.  N. 

Nichol son.  TleulTTy-sur-Selne^  Adfvlso^  broup  for  Aerospace  Research 
and  Development,  AGARO-CP-146,  1974,  pp.  All-1  - All-6. 

A modified  competitive  protein  binding  assay  of  free  urinary 
cortisol  using  a single  solvent  extraction  and  a cortisol  binding 
globulin  from  a dexametbasone  suppressed  male  subject  was  developed. 

The  separation  of  bound  and  free  cortisol  was  performed  by  absorption 
of  the  free  cortisol  to  dextran  coated  charcoal.  The  sensltlvtlty  of 
the  method  allows  to  measure  as  low  as  0.2  ng  per  tube.  The 
coefficient  of  variation  within  one  assay  Is  only  4.8t,  which  makes 
this  method  suitable  to  measure  minute  changes  of  free  urinary 
cortisol  excretion  during  the  day  In  a fractionated  24  br-urine 
collection.  The  mean  free  cortisol  excretion  In  35  normal  men  was  63 
V-  3 ug/24  brs  showing  the  expected  circadian  rhythm  of  adrenal 
cortical  activity.  In  seven  F-104  pilots  flying  two  missions  a day 
the  24  hr.  free  urinary  cortisol  secretion  was  significantly  higher 
(89  t 12  ug/24  hrs  - SE)  compared  to  12  pilots  on  day  of  rest  (43 
+/-  7 ug/24  hrs).  When  26  F-104  pilots,  12  RF  4E  pilots  and  14  weapon 
system  operators (HSP)  were  evaluated  by  measuring  free  urinary 
cortisol  excretion  In  short  Intervals  It  could  be  demonstrated,  that 
only  the  pilots  flying  early  In  the  morning  showed  an  enhancement  of 
adrenocortical  activity  compared  to  normal  controls,  suggesting  a 
change  of  excitability  of  the  hypothalaroo-pitultary-adrenal  system 
during  the  day.  This  might  have  to  be  taken  Into  account  If 
Investigations  about  stress  of  flying  and  adrenocortical  activity  are 
carried  out. 


1869. 

Ullch,  E.  Zur  Frage  des  arbeltenden  Menschen  durch  Nacht-und  Schicht  arbelt. 
Psychol ogische  Rundschau  8;  42-61,  1957. 

1870. 

Ullch,  E.  Schicht-  und  Nachtarbelt  1m  Retrleb.  Koln-Opladen:  Westdeutscher 
Verlag,  1964: 

1871. 

Ullner,  R. , J.  Kugler,  F.  Torres  and  F.  Halberg.  Nachtschlafxyklen  nach 
Interkontinentalflugen  (Cycles  In  night  sleep  after  Intercontinental  flights). 
In;  Biol  ogische  Rlythmen  und  Arbeit,  edited  by  G.  Hlldebrandt.  New  York: 

Spri  nger-Verl  ag,  1976,  pp.“5T-59: 

Polygraphic  analysis  was  performed  In  a healthy  subject  during 
nights  1-7,  12,  13,  19  and  10  after  a 6 time  zone  flight  from  Munich 
to  Minneapolis.  Sodium,  potassium,  chloride  and  calcium  excretion 
were  measured  3 weeks  before  and  after  the  return  flight.  During 
nights  1-7,  sleep  stages  A and  R were  more  frequent  than  normal. 

Following  adaptation,  the  frequencies  of  stages  D and  E Increased. 

REM  sleep  proportion  Increased  from  1.71  to  26.7%  from  nights  1 to  7. 

REM  cycle  length  normalized  from  114  to  101  min.  The  first  stage  of 
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electrolyte  rhythm  adaptation  took  3-5  days  but  mbs  not  completed 
until  after  6 days.  Differences  In  sleep  stages  betMeen  eastward  and 
westward  flights  were  observed. 


1872. 

Umanskly,  S.  S.  H.«  Y.  Y.  Kr1st'yukhan»  and  I.  Y.  Saydasheva.  Pattern  of 
urokinase  excretion  by  workers  on  different  shifts.  Gig.  Sanit.  38:  96-97. 
1973.  

1873. 

Underwood.  H.  Circadian  organization  In  lizards:  the  role  of  the  pineal 
organ.  Science  195:  587-589.  1977. 

1874. 

Vallet.  M.,  V.  Blanchet.  J.  C.  Bruyere.  and  J.  C.  Thalabard.  La  perturbation 
du  sommell  par  1e  bruit  de  circulation  routlere.  Etude  In  situ.  Institute  de 
Recherche  des  Transports.  Bron  (France):  Centre  d'Evaluatlon  et  de  Recherche 
des  Nuisance.  1975. 

1875. 

Valsik.  J.  A..  R.  Stukovsky.  D.  Marcinkova.  and  N.  Slovakova.  Altered 
performance  during  phases  of  the  menstrual  cycle.  J.  Interdlscip.  Cycle  Res. 
8:  281-285.  1977. 

1876. 

Vasll'ev.  V.  N.,  A.  I.  Kikolov.  T.  V.  Brodskaya,  and  E.  A.  Matllna. 

EkskrecIJa  katcholamlnov  y dnevnoe  1 nocnoe  vremja  pri  dispetcerskoj  rabote 
(Catecholamine  excretion  during  day  and  night  shifts  In  chief  railway 
switchmen).  Gig.  Trud.  Prof.  Zabol . 2:  6-11,  1974. 

The  urine  of  chief  railway  switchmen  aged  45  to  55  years  working 
In  12-h  shifts  was  monitored.  Noradrenaline  excretion  on  their  rest 
day  was  lower  than  that  recorded  In  other  occupations  where  shifts  are 
not  worked  (physicians,  engineers,  laboratory  staff).  During  day 
shifts,  the  switchmen's  neuropsychic  stress  was  evidenced  by  an 
Increase  In  noradrenaline  excretion,  followed  by  an  Increase  In 
adrenalin  excretion.  This  Increase  was  even  more  pronounced  during 
the  night  shift.  Adrenal -sympathetic  system  activity  did  not  return 
to  normal  until  the  second  day  after  the  last  night  shift. 


1877. 

Vasllevskll,  N.  N.  Adaptive  self-regulation  of  functions  and  Its  relationship 
to  dynamic  control  by  endogenous  biorhythms.  Zh.  Evol.  Blokhim.  Fizlol.  9: 
374-382,  1973.  

1878 

Vaughan.  G.  M.,  R.  W.  Pelham.  S.  F.  Pang,  L.  L.  Loughlln,  K.  M.  Wilson,  L.  L. 
Sandock.  M.  K.  Vaughan,  S.  H.  Koslow,  and  R.  J.  Reiter.  Nocturnal  elevation 
of  plasma  melatonin  and  urinary  5-hydroxy1ndo1eacet1c  acid  In  young  men: 
attempts  at  modification  by  brief  changes  In  environmental  lighting  and  sleep 
and  by  autonomic  drugs.  ;J.  Clin.  Endocrinol.  Metab.  37:  752-764,  1976. 


486 


In  order  to  determine  whether  the  humen  pattern  of  circulating 
melatonin  resembles  that  previously  described  In  lower  animals,  men 
19-32  years  old  were  exposed  to  a light-dark  cycle  with  14  hours  of 
light  per  day  (LD  14:10).  In  whites  and  blacks,  nocturnal  (dark 
phase,  sleeping)  melatonin  levels  were  almost  always  elevated  to 
0.05-0.1  ng/ml  plasma  compared  with  lower  or  undetectable  levels 
during  the  dey,  measured  by  the  tadpole  bioassay*  Thln-lsyer 
migration  of  bioactive  material  was  Identical  to  that  for  melatonin 
standard.  A rhythm  with  nocturnal  elevation  of  urinary 
S-hydro)^1ndoleacet1c  acid  (S-HIAA)  was  observed.  Nocturnal  (sleep 
phase)  rise  In  blood  melatonin  (but  not  urinary  5-HIAA)  continued 
during  21/2  dgy-nlght  cycle  lengths  after  the  onset  of  constant 
light.  Though  the  dark  phase  plasma  melatonin  rise  was  less  marked 
after  reversal  of  the  sleep-wake  cycle  (no  change  In  the  light  cycle), 
dark  phase  rise  In  urinary  S-HIAA  continued.  Though  marked 
cardio- vascular  and  other  effects  were  produced  by  Intravenous 
Isoproterenol  or  sco.jolam1ne,  no  definite  effect  on  melatonin  levels 
was  observed  after  either  drug  during  the  light  phase  In  waking 
subjects. 


1879 

Vaysfel'd,  I.  L.,  and  R.  F.  H'lcheva.  Diurnal  rhythm  of  the  content  of 
blogenous  amines  (histamine,  serotonin)  In  human  blood  under  normal  conditions 
and  during  altered  work-sleep  cycles,  kosm.  Biol.  Med.  6(5):  56-62,  1972. 

It  has  been  established  that  variations  In  the  diurnal  cycle  of 
the  histamlne-dlaninoxidase  system  In  the  blood  of  healthy  subjects 
Involve  diamlnoxidase  activity  alone.  Its  considerable  decline  In  the 
evening  and  far  greater  decrease  (to  zero)  at  night  Indicates  an 
enhanced  Influence  of  histamine  at  night.  The  blood  serotonin  content 
tends  to  decrease  at  night.  Changes  In  work-sleep  cycles  give  rise  to 
noticeable  qualitative  and  quantitative  changes  In  the  mentioned 
parameters.  The  disturbances  become  more  distinct  under  hypcklnetlc 
conditions.  Variations  In  the  diurnal  cycle  of  hlstamlne-dlamlnox- 
Idase  and  histamine-serotonin  ratios  are  related  not  only  to  the 
stressor  applied,  but  also  to  the  Initial  state  of  the  organism.  The 
results  of  this  study  show  the  Importance  of  taking  the  Internal  state 
of  the  organism  Into  account  when  formulating  work-sleep  cycles. 

1680. 

Vernlkos-OanelHs,  J.,  M.  F.  Dallman,  P.  Forsham,  A.  L.  Goodwin,  and  C.  S. 
Leach.  Hormonal  Indices  of  tolerance  to  acceleration  In  female 
subjects.  Aviat.  Space  Environ.  Med.  49:  886-889,  1978. 

The  secretions  of  the  pituitary-adrenal  system  and  of  the  adrenal 
medulla  have  been  generally  considered  as  the  most  reliable  Indices  of 
the  presence  of  a stress.  The  relationship  of  the  function  of  these 
systems  to  <•'3  Gz  acceleration  was  studied  In  female  subjects  In 
order  to  assess  their  possible  predictive  value  for  screening  Shuttle 
passengers.  The  12  female  subjects  used  were  divided  Into  two  groups 
on  the  basis  of  their  3Gj  tolerance;  eight  subjects  with  the 
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highest  tolerance  fbnMd  the  bedrested  group  Mhlle  the  remaining  four 
served  as  ambulatory  controls.  Blood  samples  were  collected  for 
cortisol  determinations  by  repeated  venous  puncture  at  4-h  Intervals 
for  24«h  periods  before,  during,  and  after  bedrest.  Epinephrine  and 
norepinephrine  excretions  were  determined  In  24-h  urine  pools.  In 
addition,  blood  samples  for  ACTH  and  cortisol  determinations  were 
collected  before.  Immediately  after,  and  10  min.  after  the  completion 
of  each  '•■SGz  f'un.  During  the  prebedrest  period,  there  was  a marked 
Increase  In  both  plasma  ACTH  and  cortisol  In  all  subjects  following 
centrifugation.  Although  no  difference  existed  In  the  plasma  cortisol 
response  to  centrifugation  between  those  subjects  with  a high  or  low 
tolerance,  plasma  ACTH  Increases  were  significantly  greater  In  the 
high  tolerance  group.  In  addition,  tnere  was  good  correlation  between 
the  diurnal  amplltu^  In  plasma  cortisol  and  +62  tolerance,  but  the 
correlation  between  24»h  urinary  epinephrine;  norepinephrine  was  weak. 

The  relationship  between  the  plasma  ACTH  response  to  centrifugation 

and  the  ♦Gj  tolerance  no  longer  held  after  bedrest  when.  In  fact, 

ACTH  secretion  was  greater  as  the  tolerance  decreased.  In  contrast  to 
the  ACTH  response,  the  correlation  between  -^62  tolerance  and  the 
plasma  cortisol  amplitude  persisted  after  bedrest. 


1881. 

Vernikos-Danellls,  J.,  W.  L.  Goldenrath,  and  C.  B.  Dolkas.  The  physiological 
cost  of  flight  stress  and  flight  fatigue.  U.  S.  Navy  Medicine  66:  12-16, 
1975. 

1882. 

Vernikos-Oanellls,  J.,  C.  S.  leach,  C.  M.  Winget,  A.  L.  Goodwin,  and  P.  C. 
Rambaut.  Changes  In  glucose.  Insulin,  and  growth  hormone  levels  associated 
with  bedrest.  Aviat.  Space  Environ.  Med.  47:  583-587,  1976. 

Changes  In  plasma  glucose  Insulin,  and  growth  hormone  (HGH) 
resulting  from  exposure  to  56  d of  bedrest  were  determined  In  five 
healthy  young  male  subjects.  Blood  samples  were  collected  by  repeated 
venous  puncture  at  4-h  Intervals  for  48-h  periods  before  bedrest,  at 
10,20,  30,  42  and  S4  d after  confinement  to  bed  and  at  10  and  20  d 
after  bedrest.  Changes  In  the  daily  levels  of  these  factors  for  each 
subject  were  expressed  as  the  mean  of  the  six  samples  per  24-h  period. 
The  level  of  HGH  dropped  after  10  d of  bedrest,  then  showed  a 1.5-fold 
Increase  at  20  d (p<0.05)  and  subseguently  decreased  gradually 
reaching  levels  of  2.5  mg/ml/24  h,  well  below  pre-bedrest  controls  of 
4.2  mg/ml/24  h,  by  the  54th  d.  In  spite  of  a marked  Increase  In  the 
dally  plasma  Insulin  levels  during  the  first  30  d of  bedrest,  glucose 
levels  remained  unchanged.  Beyond  30  d of  bedrest.  Insulin  began 
decreasing  toward  pre-bedrest  levels  and  glucose  followed  with  a 
similar  reduction  to  below  the  control  levels  of  75  mg/100  ml/24  h on 
day  54.  The  dally  mean  changed  reflect  a change  In  the  amplitude  of 
the  diurnal  variation.  The  dally  peak  in  plasma  Insulin  shifted 
progressively  to  the  late  evening  during  the  bed-rest  period. 


488 


1883. 

VernIkos'DanelllSt  C.  S.  Leach,  C.  M.  Winget,  P.  C.  Ranbaut,  and  P.  B. 

Mack.  Thyroid  and  adrenal  cortical  rhythnlclty  during  bed  rest.  J.  Appl. 

Physiol.  33:  644-648,  1972. 

The  effects  of  prolonged  bed  rest  on  adrenocortical  and  thyroid 
function  Mere  assessed  In' eight  hea1t(\y  males,  aged  20-40  years,  who 
were  submitted  to  bed  rest  for  56  days  on  a 141:100  regimen 
(llghts-on,  9:00  a.  m.).  Four  of  these  subjects  exercised  with  an 
Exergenie  three  times  dally  throughout  the  experiment.  Circulating 
cortisol,  triiodothyronine  (Tj),  and  thyroxine  (T4)  concentrations 
were  determined  In  blood  samples  drawn  at  four  hourly  Intervals  for 
48-hr  periods  before,  10,  20,  30,  42,  and  54  dgys  during,  and  10  days 
post-bed  rest.  Significant  fluctuations  In  the  circulating  levels  of 
a11  three  hormones  occurred  with  peaks  at  7:30  a.  m.  8ed  rest  reduced 
the  amplitude  of  the  cortisol  rhythm  but  the  rhythm  persisted.  In 
contrast,  thyroid  hormone  rhythms  were  considerably  less  stable  during 
bed  rest,  showing  marked  rephasing  with  progressive  bed  rest  and 
returning  to  original  t'hythmicity  at  the  10-day  post-bed-rest  sampling 
period.  The  main  dally  concentration  of  T3  Increased  promptly 
during  bed  rest  and  remained  elevated.  Neither  exercise  nor  the 
lO-day-post-bed-rest  ambulatory  period  prevented  or  corrected  these 
effect.  The  suggestion  Is  advanced  that  thyroid  rhythms  may  be 
posture  dependent. 


1884. 

Vernlkos-Danellls,  J.,  and  C.  M.  Winget.  The  Importance  of  light,  postural 
and  social  cues  In  the  regulation  of  the  plasma  cortisol  rhythm  In  man.  In: 
Advances  In  the  Blosclences,  Vol.  W:  Chronopharmacol ogy . edited  by  A. 
Reinberg  and  F.  Hal  berg.  Riaw  York:  Pergammon  Press,  l9/9,  pp.  101-106. 

The  relative  Importance  of  various  environmental  synchronizers 
regulating  the  diurnal  rhythm  of  plasma  cortisol  In  humans  was  studied 
In  a series  of  experiments  using  young  healthy  adult  males,  aged 
20-25.  They  were  housed  In  a facility  In  which  the  environment, 

Including  the  photoperiod,  could  be  regulated.  Blood  samples  were 
collected  In  heparinized  containers  by  repeated  venous  puncture  at 
4-hr  Intervals  for  24  or  48-hr  periods  at  various  time  points  during 
the  studies.  These  were  used  to  determine  plasma  cortisol 
concentrations  by  the  competitive  binding  radioassay.  Removal  of 
postural  cues  by  exposure  to  bed  rest  for  54  dgys  In  16L:8D  did  not 
alter  the  time  at  which  peak  cortisol  levels  occurred.  Exposure  of 
the  subjects  In  groups  of  three  to  constant  light  (24L:0D)  and  ad 
libitum  feeding  In  a soundproofed  environment  devoid  of  time  cues 
Shi f ted  the  time  of  the  occurrence  of  the  peak  plasma  cortisol  level. 

The  rate  of  desynchronization  of  this  rhythm  was  very  different  for 
the  two  test  groups  (0.370  and  0.691  hr/day)  but  very  similar  within 
each  group.  After  recovery  In  16L:  8D,  a second  exposure  of  the  same 
subjects  to  constant  light  resulted  In  a considerably  slower  rate  of 
desynchronization  (0.159  and  0.539  hr/dgy,  respectively). 

Furthenaore,  the  rate  of  desynchronization  In  constant  light  of  a 
subject  from  the  slower  shifting  group  was  greatly  accelerated  by 
transferring  him  Into  the  room  of  subjects  whose  peak 
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plasma  cortisol  levol  was  shifting  at  the  faster  rate.  These  findings 
suggest  that  the  plasma  cortisol  rhythm  Is  not  affected  appreciably  by 
the  absence  of  postural  change,  whereas  light  and  social  Interaction 
affect  this  rhythm  profoundly. 

1885. 

Vern1kos*0ane111s,  J.,  C.  M.  Winget,  A.  E.  Goodwin,  and  T.  Reilly. 

Comparison  of  hormone  and  e1ect»t>1yte  circadian  rhythms  In  male  and  femaie 

humans.  Waking  and  Sleeping  1;  365-368,  1977. 

Circadian  rhythm  characteristics  In  healthy  male  and  female 
humans  were  studied  at  4-hour  Intervals  for  urine  volume,  cortisol, 
5-hydro^y1ndo1eacet1c  acia  (5-HIAA),  Na,  K,  Na/K  ratios  In  the  urine, 
as  well  as  plasma  cortisol.  While  plasma  and  urlna.y  cortisol  rhythms 
were  very  similar  In  both  sexes,  the  described  rhythms  In  urine 
volume,  electolyte,  and  5-HIAA  excretion  differ  for  the  two  sexes. 

The  results  suggest  that  sex  differences  exist  In  the  circadian 
patterns  of  Important  hormone  and  metabolic  functions  and  that  the 
Internal  synchrony  of  circadian  rhythms  differs  for  the  two  sexes. 

The  results  seem  to  Indicate  that  the  rhythmical  secretion  of  cortisol 
does  not  account  for  the  pattern  of  Na  and  K excretion. 


1886. 

Vernikos-Oanellls,  J.,  C.  N.  Winget,  C.  S.  Leach,  and  P.  C.  Rambaut. 
Dissociation  of  effects  of  prolonged  confinement  and  bed  rest  In  nornu'1  human 
subjects:  cortisol.  Insulin,  thyroxine,  and  triiodothyronine.  In:  Proc.  of 
the  1971  Manned  Spacecraft  Center  Endocrine  Progryi  Cong. , Houston,  Yex. : 
tj^dcm  8.  Johnson  Space  Center,  National  Aeronautics  and  Space  Administration. 
1972,  8 pp. 

Endocrine  and  metabolic  Information  on  the  the  relative  effect  of 
confinement  and  prolonged  bed  rest  In  man  was  obtained  by  assaying 
blood  samples  for  changes  In  cortisol.  Insulin,  thyroxine,  and 
triiodothyronine  levels.  Diurnal  rhythms  existed  In  all  four  hormone 
levels  during  prebed  rest  control  period.  Thyroid  rhythms  were  most 
affected  by  bed  rest  and  decreased  markedly  or  showed  considerable 
phase  shifts:  «4iereas  the  hydrocortisone  rhythm  was  little  affected. 

A marked  decrease  In  the  amplitude  of  the  steroid  rhythm  developed  by 
the  end  of  the  study* 

1887. 

Vernlkos-DanelHs,  J.,  C.  M.  Winget,  C.  S.  Leach,  and  P.  C.  Rambaut. 

Circadian,  endocrine,  and  metabolic  effects  of  prolonged  bedrest*  two  56-day 
B^aresf  stuiaTesTngashTngtonT  PTT.':  !TAgA.''N)gA  TW  T-^PIgiriW.  42Tpp. 

1888. 

Vernikos-Danellls,  J.,  C.  M.  Winget,  C.  S.  Leach,  L.  S.  Rosenblatt,  J.  Lyman, 
and  J.  R.  Beljan.  Space  motion  sickness  medications:  Interference  with 
biomedical  parameters.  XXVII  Congress  International  Astronautical  Federation 
Preprint.  Oct.,  1976,  5 pp. 

The  possibility  that  drugs  administered  to  Skylab  3 (SL-3)  and  4 
(SL-4)  creimien  for  space  motion  sickness  may  have  Interfered  with 
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their  blonedlcal  evaluation  In  space  was  Investigated.  Healthy 
volunteers  received  coMblnatlons  of  Scopolanine/Dexedrine  for  four 
days  In  reqlmens  similar  to  those  used  In  these  missions*  Urine 
samples,  heart  rate,  bo4y  temperature,  mood  and  performance  were 
analyzed  for  druu-related  changes.  TWenty-four  hour  urine  samples 
were  analyzed  by  the  same  procedures  as  those  used  to  analyze  the 
flight  samples.  Hoimone  concentrations  determined  Included  cortisol, 
epinephrine,  norepinephrine,  aldosterone  and  antidiuretic 
hormone(M)H).  In  addition,  volume,  specific  gravity,  osmolarlty, 
sodium  (Na),  potassium  (K),  calcium  (Ca),  magnesium  (Hg), 
chlorlde(Co),  Inorganic  phosphate,  uric  acid  and  creatinine  were 
measured.  Performance  was  not  affected  by  the  Scopolamlne/Dexedrine. 

The  drug  combination  Increased  dally  mean  heart  rate  (HR) 
significantly  In  all  the  subjects  and  dally  mean  rectal  temperature 
(RT)  In  some  of  the  subjects.  A 2*4  hr  phase  shift  In  the  HR 
circadian  rhythm  was  also  observed  which  Indicates  that  Internal 
circadian  synchrony  was  disturbed  by  the  drugs. 

Psychological  and  subjective  evaluation  Indicated  that  the 
subjects  could  usually  Identify  which  days  they  were  given  the  drugs 
by  an  Increase  In  tension  and  anxiety,  decreased  patients, 
restlessness,  decreased  appetite,  difficulty  In  sleeping  and  feelings 
of  Increased  heart  rate  and  bo4y  temperature.  Urinary  electrolytes 
were  not  changed  significantly  by  the  drug,  but  maiiced  and  significant 
changes  occurred  In  urine  volume  and  hormone  excretion  patterns. 
Scopolamlne/Dexedrine  caused  consistent  elevations  In  urinary  cortisol 
and  epinephrine  and  a transient  elevation  In  ADH.  Norep1nephr1»<e 
excretion  was  decreased,  but  there  was  no  significant  change  In 
aldosterone  excretion  or  In  24  hr.  urine  volume.  A comparison  of 
these  findings  with  the  first  four  days  of  Inflight  data  from  the  SL-3 
and  SL«4  missions  leads  to  the  conclusion  that  the  dramatic  Increases 
In  aldosterone  excretion  during  the  first  three  days  of  spaceflight 
probably  can  be  directly  attributed  to  weightlessness,  whereas  the 
antlmotlon  sickness  medication  could  have  substantially  contributed  to 
the  early  Increased  excretion  of  epinephrine  and  cortisol  during  these 
ml sslons. 

1889. 

Veyion,  R.  Biological  rhythms:  use  of  time  by  the  human  organism.  Nouv. 

Presse.  Med  7:  1655-7,  1978. 

1890. 

Vinogradova,  0.  V.,  6.  A.  Sorokin,  and  N.  N.  Havkina.  Fizlologo-gigleniceskoj 

harakterlstike  nocnogo  truda  pri  progruzocno  razgruzocnyh  rabotah 

(Physiological  and  health  characteristics  of  night  work  of  longshoremen). 

Gig.  Trud.  Prof.  Zabol . 2:  5-8,  1975. 

This  study  covered  600  longshoremen  working  8 h shifts  on  the 
Leningrad  docks.  Physiological  data  (heart  rate,  blood  pressure, 
muscle  tone,  etc.)  obtained  during  the  night  shift  were  compared  to 
those  In  the  same  people  under  Identical  conditions  during  the  day 
shift.  All  the  pl^slologlcal  parameters  were  at  their  lowest  levels 
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during  tht  last  hours  of  night.  Tht  consoquoncos  utrt  that 
productivity  docroased  17-181  and  that  morbidity  and  accident 
fraquoncy  Incrtasod. 

1891. 

Voot.  E.  0.»  P.  Engal.  and  H.  Klein.  Ueber  den  Tagesgang  der  koerperllchen 

Leistungsfaehgigkelt.  Int.  2.  Anqew.  Physiol.  2S:  1.  1968. 

The  period  of  some  biological  and  perfomance  rhythms  Is  found  to 
be  age-dependent« 


1892. 

Vokac.  Z.,  and  K.  Rodahl.  Field  study  of  rotating  and  continuous  night  shifts 
In  a steel  mill  (abstract^  !nt.  J.  Chrom>b1o1.  3:  4-5,  1975. 

A comparison  Is  presented  betueen  longitudinal  observations  during 
continuous  nignt  work  (21  x 2200  • 0600  h)  and  during  a cycles  of 
routing  shifts  (4  x 2200  - 0600h,  6 x 0600  - 1400  h.  3 x 2200-  0600  h. 

7 X 1400  . 2200  h).  Continuous  monitoring  of  the  heart  rate  by 
porUble  Upe  recorders  showed  that  the  Individual  circulatory  strain 
as  well  as  the  estimated  energy  output  were  compar^le  from  day  to  da 
throughout  the  observation  periods.  At  the  beginning  of  the 
continuous  night  shifts  the  rectal  temperature  (4  subjects)  followed 
the  usual  circadian  rhythm,  decreasing  during  the  night  In  splU  of 
physical  activity,  and  rising  again  during  the  sleep  In  the  morning. 


1893 

Vollman,  R.  F.  Some  conceptual  and  methodological  problems  In  longitudinal 
studies  on  human  reproduction.  In:  Biorhythms  and  Human  R^ro<hict1on.  edited 
by  M.  Ferln,  F.  Heiberg,  R.  M.  R1  chert,  and  K.  1.  \(andew1e1e.  New  York:  John 
Wllqy,  1974,  pp.  161-170. 

In  a study  of  691  women  with  31,676  recorded  menstrual  cycles  It 
was  found  that  In  the  first  years  aHer  menarch  the  length  of  the 
menstrual  cycle  may  oscillate  Irregularly  between  10  and  more  than  60 
days.  Approximately  40-50  cycles  prior  to  menopause,  the  length  of 
the  cycle  Increases  abruptly,  as  does  the  degree  of  variability. 

Therefore  the  length  of  the  menstrual  cycle  Is  a function  of  the 
personal  characteristics  of  the  Indlvl^al  woman  and  her  age. 
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1894. 

Wa^Mfi,  A.  M.,  et  «1.  Cfftcts  of  alcohol  consumption  upon  parameters  of 
ultradlan  sleep  rhythms  In  alcoholics.  Adv.  Exp.  Hed.  Biol.  BSA:  601-616* 
1977.  

1895. 

Wagner.  D.  ft.,  and  E.  0.  Heltzman.  Neuroendocrine  secretion  and  biological 
rhythms  In  man  (submitted  for  publication). 

We  have  attempted  to  outline  the  normal  relationships  of  the 
hypothalamic-pituitary  axis  to  time  and  sleep,  and  the  effect  of  both 
experimental  and  disease-state  alterations  on  these  relationships. 

The  further  study  of  these  complex,  dynamic  Interactions  will  provide 
key  Information  to  our  ultimate  understandl ng  of  both  normal  human 
biology  and  the  mechanisms  by  which  organic  and  mental  diseases  alter 
It. 


1896. 

Wah1bL^*p.  I.,  and  I.  Astrand.  PhysIcAl  work  capacity  during  the  day  and  at 
night.  Work-Environm.  -Health  10:  65-68,  1973. 

1897. 

Walker,  J.  The  Human  Aspects  of  Shift  Work.  London:  Institute  of  Personnel 

Management,  1978,  214  pp. 

Contents  of  this  pocket-size  manual.  Issued  In  the  I PM  'Kanaoement 
Paperback*  series:  nature  and  extent  of  shift  work  (types  of  shift 
work;  comparison  between  the  United  Kingdom  and  other  countries, 
etc.);  reasons  for  Introducing  shift  work;  biological  effects  and 
performance  (circadian  rhythms  and  performance;  freouency  of  shift 
changes;  output  on  the  night  shift;  Individual  differences; 
accidents);  shift  work  and  health  (absenteeism;  longitudinal  study; 
gastro- Intestinal  conditions;  sleep  dlstu^ance;  subjective  feelings 
of  malaise;  preventive  action);  effects  on  social  and  family  life; 
arranging  the  shift  system  (doubledgy  shift  for  alternating  day/night; 
fixed  or  rotating  shifts;  shifts  of  long  duration;  continuous  3-sh1ft 
rotas:  freouency  of  shift  changes  on  continuous  work;  freouency  of 
shift  changes  on  the  2-sh1ft  system;  starting  and  stopping  times; 
recent  trends  etc.);  Introduction  and  administration  of  shift  work; 
welfare  and  legal  aspects,  etc.  An  alphabetical  Index  Is  appended. 


1898. 

Walker,  J.  Pressures  leading  to  changes  In  the  arrangement  of  shift  systems 
(abstract).  Ergonomics  21:  870,  1978. 

1899. 

Walker,  J.  and  G.  de  la  Mare.  Absence  from  work  In  relation  to  length  and 
distribution  of  shift  hours.  6r.  J.  Ind.  Med.  28:  36-44,  1971. 
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1900 

Wallerstein,  M.  R.,  aiut  N.  L.  Roberts.  All  together  on  the  blo-curve.  Hum. 

Behav.  2:  8-15,  1973. 

In  this  review  article  on  biorhythm  theory  and  biological  rhythms, 
the  authors  cite  anecdotal  Incidents  supporting  the  theory.  They  cite 
a report  of  24-26  day  body  temperature  cycles  In  a patient  and  female 
menstrual  cycles  as  support  for  the  theory  even  though  these  cycles 
deviate  from  * •'  exact  23  and  28  day  cycles  required  by  the  theory. 

They  also  clu  tne  studies  of  Hersey  as  evidence  for  the  33  day 
biorhythm  cycle  (for  critique  of  this  claim,  see  Hersey,  R.  1931 
Mental  Scl.  77:  151-159  In  bibl.)  They  have  designed  a system  for 
caUculaTfng  biorhythm  profiles  of  the  members  of  athletic  teams  using 
weighting  factors  and  claim  that  performance  Is  best  when  Individual 
biorhythm  curves  are  low  on  the  average,  although  this  Is  difficult  to 
reconcile  with  the  theory.  Anecdotal  examples  are  given  of  the 
presumed  successful  application  of  this  method  to  team  performance 
prediction.  They  fall  to  distinguish  between  scientifically  studied 
biological  rhythms  and  biorhythms,  although  the  period  lengths  and 
variability  of  rhythms  found  by  biological  rhythm  Investigators 
conflict  with  biorhythm  theory.  A.  Ahlgren  had  published  a critique 
of  this  article  (Int.  Chronoblol.  2:  107-1909,  1974). 

1901. 

Ualsh,  J.  K.,  C.  G.  Stock,  and  D.  I.  Tepas.  The  EEG  sleep  of  workers 

frequently  changlr^  shifts  Abstract).  Sleep  Res.  7;  314,  1978. 

1902. 

Warfield,  R.  How  will  you  behave  tomorrow?  Vogue,  oan.  1,  1962. 

1903. 

Wax,  T.  M.  Effects  of  age,  strain,  and  Illumination  Intensity  on  activity  and 

self-selection  of  light-dark  schedules  In  mice.  J.  Comp.  Physiol.  Psychol. 

91:  51-62,  1977. 

Young  and  senescent  albino  A/J  mice,  pigmented  C57BL/6J  pure 
Inbred  mice,  and  thir  hybrid  tested  under  low  or  high 

Illumination  Intensities  to  observe  differences  In  self-selected  wheel 
running,  bar  pressing,  and  durations  of  light  and  dark  over  time.  The 
animals  (N  • 120)  were  alwqys  allowed  jiSl  11)2.  access  to  food,  water, 
running  wheel,  and  bar-press  levers.  During  the  pre-  and 
postexperlmental  phases,  the  mice  were  kept  under  a standard  12:12  hr 
light/dark  cycle;  during  the  experimental  phase,  however,  they  were 
allowed  to  select  their  own  light  and  dark  schedules  by  pressing  on 
either  of  two  accessible  bars,  one  light  contingent  and  the  other  dark 
contingent.  Measures  of  general  running  and  bar-pressing  activities, 
motivational  aspects  of  Illumination  change  and  Intensity  preferences, 
time-series  analyses  of  periodicities,  power  ratios,  and  significant 
other  multiples  were  obtained  from  the  subjects  during  a total  of 
three  experimental  phases.  Age  differences  were  found  for  most  of  the 
measures  studied  and  In  general  showed  declines  In  activity  levels. 
Increases  In  motivation  to  change  Illumination  conditions,  lengthening 
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of  activity  cycles  ( slower  periods),  and  decreases  In  the  strengths  of 
the  oscillations  underlying  these  behaviors  as  well  as  an  Increase  In 
the  number  of  other  periodic  components  In  old  mice  relative  to  young. 
Genetic  group  and  Illumination-Intensity  differences  were  also  found, 
and  the  resuUs  are  discussed  In  light  of  theories  concerning 
Illumination  preference  and  stimulus  change,  earlier  work  Involving 
voluntary  light  selection  behavior,  and  aging  studies. 

1904. 

Weaver.  C.  A.  The  question  of  ups  and  downs.  U.  S.  Afw  Aviation  Digest 

20(1):  13-17,  1974.  

He  found  that  49%  of  Am\y  Aviation  Accidents  occurred  on  biorhythm 
critical  days,  64%  of  these  accidents  occurring  on  doubly  critical 
dqys.  Note:  Wolcott,  J.  et  a1.  (Biorhythms  - Are  they  a waste  of 
time?  TAG  Attack  15(11):  4-9.  1975)  criticizes  Weavers'  method  of 
selecting  critical  days  and  also  found,  using  the  same  accident 
statistics  as  Weaver  In  a large  sample  of  aviation  accidents  that  no 
significant  relationship  between  accident  frequency  and  critical  days 
was  found. 


1905. 

Webb,  W.  B.  Patterns  of  sleep  behaviour.  In:  Ayects  of  Human  Efficiency: 
Diurnal  Rhyttim  and  Loss  of  Sleep.  (Proceedings  of  the  Symp.,  Strasbouro, 
ranee,  l9/0),  e'dited  by  W.  P.  Colquhoun.  London:  English  Universities 
Press,  Ltd.,  1972,  pp.  31-46. 

Discussion  of  the  electroencephalogram  as  the  critical  measurement 
procedure  for  sleep  research,  and  survey  of  major  findings  that  have 
emerged  In  the  last  decade  on  the  presence  of  sleep  within  the 
twenty-four-hour  cycle.  Specifically,  Intrasleep  processes,  frequency 
of  stage  changes,  sequency  of  stage  events,  sleep  stage  amounts, 
temporal  patterns  of  sleep,  and  stability  of  Intrasleep  pattern  In 
both  man  and  lower  animals  are  reviewed,  along  with  some  circadian 
aspects  of  sleep,  temporal  factors,  and  number  of  sleep  episodes.  It 
Is  felt  that  It  Is  particularly  critical  to  take  the  presence  of  sleep 
Into  account  whenever  performance  Is  considered.  When  It  Is 
recognized  that  responsive  performance  Is  extremely  limited  during 
sleep.  It  Is  easy  to  visualize  the  extent  to  which  performance  Is 
controlled  by  sleep  Itslef. 

1905a. 

Webb,  W.  B.  Sleep  behavior  as  . biorhythm.  In:  Biological  Rhythms  and  Human 
Performance,  edited  by  W.  P.  Colquhoun,  New  York:  Acadraic  Press,  Is/l,  2F3 
pp. 

1906. 

Webb,  W.  B.  The  rhythms  of  sleep  and  waking.  In;  Chronoblology,  edited  by 
L.  E.  Scheving,  F.  Halberg,  and  0.  E.  Pauly.  Tokyo:  Igaku  Sholn,  Ltd.,  1974, 
pp.  482-486. 
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1907. 

Webb,  W.  B.  Schedules  of  work  and  sleep.  In:  Mewoty.  Envlroiynt.  Epilepsy, 

Sleep  StagInB,  edited  by  H.  P.  Koella  and  P.  LeusI  New  York:  Karger  Press, 

11777  iS7W91. 

1908. 

Webb,  W.  B.  The  for^-elght  hour  doy.  Sleep  1:  191-197,  1978. 

Four  normal  young  adult  male  subjects  were  evaluated  In  a 
systematically  Imi^osed  regime  of  32  hr.  of  wakefulness  and  16  hr  of 
sleep  time  In  an  environment  free  from  time  cues.  Electroencephalo- 
graphlc  and  electrooculographic  recordings  were  made  continuously 
during  the  experiment,  which  lasted  for  10  complete  cycles.  Sleep 
efficiency  was  assessed  by  determining  the  percentage  of  sleep  time 
during  the  assigned  sleep  period.  The  average  sleep  efficiency  for 
the  experimental  period  was  77%.  Results,  In  general,  conformed  to 
earlier  findings  of  non-24  hr  schedules  of  sleep  and  waking;  the 
overall  sleep  system  remains  relatively  stable  across  a variety  of 
scheduled  variations:  however,  utilization  of  the  sleep  period 
becomes  less  efficient  as  the  schedule  Increasingly  deviates  from  the 
noimal  approximately  16  hr  wakefulness  8 hr  sleep  schedule. 


1909. 

Webb,  W.  B.  Sleep,  Biological  Rhythms  and  Aging.  In:  Aging  and  Biological 

Rhythms,  edited  by  H.  V.  Semis  and  S.  Capoblanco.  New  York:  Plenum  Press, 

W78,  pp.  309-323. 

1910. 

Webb,  W.  B.  A shifted  work  shift  schedule  with  older  subjects  (abstract). 

In:  Int.  Symp.  on  Night-  and  Shift-work,  Sth,  Rouen,  FR.,  1980,  p.  III-IO. 

1911. 

Webb,  W.  B.,  and  H.  W.  Agnew.  Stage  4 sleep:  Influence  of  time  course 

variables.  Science  174:  1354-1356,  1971. 

Age,  length  of  prior  wakefulness,  length  of  time  asleep,  and  a 
circadian  Influence  all  affect  stage  4 sleep.  The  amount  of  stage  4 
sleep  decreases  as  subject's  age  Increases  and  as  time  asleep 
Increases.  Longer  periods  of  wakefulness  before  sleep  result  In 
greater  amounts  of  stage  4 sleep  In  the  first  3 hours  of  sleep.  Sleep 
periods  that  begin  at  times  other  than  the  regular  onset  time  tend  to 
produce  less  stage  4 sleep;  this  decrease  suggests  a circadian  effect. 


1912. 

Webb,  W.  B.,  and  H.  W.  Agnew,  Jr.  Variables  associated  with  split-period 
sleep  regimes.  Aerosp.  Med.  42:  847-850,  1971. 

Eight  young  adult  males  had  their  dally  sleep  period  split  Into 
two  periods  of  4 hours  In  length.  Different  lengths  of  Intervening 
wakefulness  were  Introduced  between  the  two  periods:  1 hour,  4 hours, 

and  12  hours.  One  of  the  two  sleep  periods  began  at  2300  each  day. 


It  was  found  that  the  total  amount  of  tne  various  sleep  stapes  In  the 
two  periods  did  not  differ  from  baseline  sleep  In  the  1 hour  and  4 
hour  split  conditions;  there  was  an  Increase  In  waking  and  light  sleep 
and  a decrease  In  REM  sleep  In  the  12  hour  condition.  An  Internal 
examination  of  the  sleep  within  the  two  periods  for  the  three 
conditions  Indicates  that  the  particular  outcome  of  split  periods  of 
sleep  will  be  dependent  upon  three  factors:  the  time  Interval  between 
periods,  the  length  of  the  periods,  and  the  sidereal  tine  of  onset. 

1913. 

Webb,  W.  B.,  and  H.  W.  Agnew,  Jr.  Sleep  and  waking  In  an  environment  free  of 
cues  to  time  (abstract).  Psychophysiology  9:  133,  1972. 


1914. 

Webb,  W.  B.,  H.  W.  Aonew,  Jr.  Effects  on  performance  of  high  and  low  ener^ 
expenditure  during  sleep  deprivation.  Percept.  Mot.  Skills  37:  511-512,  1973. 

Fifteen  male  subjects  (Ss)  were  studied  once  each  week  while  on  a 
sleep  regime  of  5 1/2  hrs  of  sleep  a night  for  60  days.  The 
electroencephalogram  and  electro-oculogram  were  recorded  In  the 
laboratory  once  each  week.  Performance  was  measured  each  week  using 
the  Wilkinson  Vigilance  Task,  the  Wilkinson  Addition  Test,  and  a word 
memory  test,  and  grip  strength  was  measured  using  a hand  dynomometer. 

The  Zung  Depression  Scale  and  the  Giough  Adjective  Check  List  were  used 
to  measure  aiood.  The  Ss  completed  a sleep  log  on  a dally  basis.  The 
effect  on  sleep  of  the  restricted  regime  was  to  Initially  Increase  the 
absolute  amount  of  stage  4 sleep.  But  by  the  5th  week  of  the  study 
the  stage  4 amount  decreased  to  near  baseline  levels.  The  Initial 
effect  on  REM  sleep  was  to  sharply  reduce  this  type  of  sleep  when 
compared  with  baseline  values.  During  the  course  of  the  experiment 
there  was  a REM  deprivation  of  some  25S  of  baseline  values  and  30  min. 

In  absolute  amount.  During  the  course  of  the  experiment  the  latency 
to  the  onset  of  the  first  stage  4 and  the  latency  to  the  first  REM 
period  were  reduced.  Only  the  Wilkinson  Vigilance  Task  showed  a 
decline  In  performance  associated  with  continued  restricted  sleep. 

The  sleep  logs  revealed  that  Initially  the  Ss  experienced  difficulty 
In  arousing  from  sleep  In  the  morning  and  felt  drowsy  during  the  day, 
but  these  effects  did  not  continue  throughout  the  experiment.  The 
mood  scales  showed  no  changes  associated  with  continuing  to  sleep  5 
1/2  hrs  a night.  These  findings  suggest  that  a chronic  loss  of  sleep 
as  much  as  2 1/2  hours  a night  Is  not  likely  to  result  in  major 
behavioral  consequences* 

1915. 

Webb,  W.  B.,  and  H.  W.  Agnew,  Jr.  The  effects  of  a chronic  limitation  of 
sleep  length.  Psychophysiology  2:  265-274,  1974. 

1916. 

Webb,  W.  B.,  and  H.  W.  Agnew,  Jr.  Regularity  In  the  control  of  the 
free-running  sleep-wakefulness  rhythm.  Aerosp.  Med.  45:  701-704,  1974. 
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The  natural  tendency  of  hiaans  to  lengthen  their  sleepwakefulness 
cycle  In  envlronaents  i^lilch  iHnliilze  natural  cues  to  time  of  day  poses 
problems  for  designing  efficient  work  schedules.  In  the  present 
experiment,  rigid  control  over  the  sleep  and  wake*up  times  was 
employed  In  an  attempt  to  contain  the  natural  rhythm  to  a 24-h  cycle. 
Eight  subjects  were  Isolated  from  all  time  and  social  cues  for  10  d. 
They  were  placed  on  a rigid  schedule  of  sleep  between  11  p.  m.  and  7 
a.m.  The  results  Indicate  that,  for  practical  purposes,  the 
free-running  sleep-wakefulness  rhythm  can  be  contained  to  a 24-h  cycle 
by  rigid  control  of  the  sleep  portion  of  the  cycle.  When  part  of  the 
control  was  released  by  allowing  the  subjects  to  sleep  beyond  7 a.m., 
they  slept  an  average  of  67  min  longer  and  showed  sleep  latencies 
which  averaged  73  min.  From  these  data  It  Is  concluded  that  control 
of  the  sleep  portion  of  the  sleep-wakefulness  cycle,  particularly 
control  of  the  wake-up  time.  Is  sufficient  to  contain  the  free-running 
sleep-wakefulness  rhythm  to  a 24-h  cycle. 


1917. 

Webb,  W.  B.,  and  H.  W.  Agnew,  Jr.  Sleep  and  waking  In  a time-free 
environment.  Aerosp.  Med.  45:  617-622,  1974. 

The  sleep  and  waking  of  14  subjects  In  time-free  environments  for 
14  d were  studied.  Half  of  the  subjects  had  a heavy  exercise  regime. 

All  subjects  exhibited  a 1onger-than-24  h rhythm  but  the  groups  did 
not  differ  from  each  other  In  this  extension  of  the  rhythm.  There 
were  large  Individual  differences  between  subjects  and  large 
variations  from  the  projected  sleep  and  waking  times.  The  overall 
amount  of  sleep  Increased  In  the  environment,  and  there  were  marked 
Increases  In  both  shorter  and  longer  sleep  and  waking  period  lengths. 
Exercise  did  not  Increase  the  overall  amount  of  sleep  but  did  Increase 
the  variability  In  the  distribution  of  sleep.  The  overall 
distribution  of  sleep  stages  during  sleep  did  not  differ  from 
baseline  measures  or  between  groups. 

1918. 

Webb,  W.  B.,  and  H.  W.  Agnew,  Jr.  The  effects  on  subsequent  sleep  of  an  acute 
restriction  of  sleep  length.  Psychophysiology  12:  367-370,  1975. 

This  experiment  was  designed  to  test  the  effects  on  subsequent 
sleep  of  a restriction  In  sleep  length  on  the  previous  night.  Eight 
male  subjects  were  studied.  After  baseline  recordings  were  made, 
sleep  was  restricted  to  either  a period  between  4-8  am  or  to  a period 
between  6-8am.  On  the  night  following  the  restriction  of  sleep  the 
subjects  retired  at  11  pm  and  they  weere  permitted  to  sleep  ^ l_1b.  In 
the  morning.  The  restricted  sleep  periods  resulted  In  differential 
sleep  deprivation.  Stages  REM  and  2 were  markedly  reduced  whereas 
stages  3 and  4 showed  little  or  no  reduction  In  amount.  There  were 
significant  reductions  In  sleep  latencies  and  In  the  amount  of  time 
spent  In  stages  0 and  1.  The  first  8 hrs  of  ad  11b.  sleep  following 
the  2 restricted  sleep  periods  did  not  dIfferTn  aqy  significant  way 
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froGi  the  8 hrs  of  baseline  sleep.  When  sleep  ««s  peraltted  to 
continue  until  the  subjects  awoKened  spontaneously*  the  steep  after 
the  restriction  of  steep  to  2 hrs  was  significantty  tonger  and 
displayed  significantly  more  of  stages  REM  and  2 when  conipared  with 
the  baseline  ad  1 1b.  steep  condition*  The  ^ 1 1b. steep  period 
following  theTTiFcondItlon  showed  slnltar  ctianges  although  the 
differences  were  not  statistically  significant.  The  significant 
reductions  In  stages  REM  and  2 during  the  restricted  stMp  periods 
were  attributed  to  the  effects  of  reduced  steep  length  per  se.  The 
Increases  In  steep  length  and  specifically  the  Increases^n  stages  REN 
and  2 during  the  ad.  Ub:*  sleep  periods  were  attributed  to  a 
differential  sleep  "debt"  accruing  from  restricted  sleep  length. 

1919. 

Webb,  W.  B.,  and  H.  W.  Agnew*  Jr.  Sleep  efficiency  for  sleep-wake  cycles  of 
varied  length.  Psychophysiology  12i  637-641,  1975. 

This  study  was  designed  to  test  sleep  efficiency  while  subjects 
were  !<)a1nta1ned  on  non-24-hr  regimens  of  sleep  and  wakefulness.  The 
regimens  studied  were  9,  12,  18*  30*  and  36«hr  sleep-wake  cycles.  In 
each  regiment  the  ratio  of  sleep  to  wakefulness  was  held  constant  In  a 
1:2  ratio,  1.  e.  there  were  2 hr.s  of  wakefulness  for  each  hour  of 
scheduled  sleep.  The  amounts  of  sleep  obtained  under  each 
experimental  regimen  were  less  than  those  obtained  under  the  bassellne 
days  of  24  hrs.  The  sleep  losses  resulted  both  from  an  increase  In 
the  latency  of  sleep  onset  and  Increased  wakefulness  after  sleep 
onset.  The  prlmaiy  variables  which  resulted  In  less  efficient  sleep 
were  scheduled  differences  In  prior  wakefulness*  circadian  effects  on 
the  displacement  of  sleep  onset  times*  a sleep  termination  effect,  and 
the  frequency  of  occurrence  of  the  allotted  sleep  periods.  In  the 
short  regimens  the  awake  time  after  sleep  onset  was  strongly 
associated  with  the  degree  to  which  prior  wakefulness  was  reduced.  In 
the  longer  regimens  the  principal  sources  of  awake  time  were  extended 
sleep  length  and  a sleep  termination  effect. 

1920. 

Webb,  W.  6.,  and  H.  W.  Agnew,  Jr.  Analysis  of  the  sleep  stages  In 
sleep-wakefulness  regimens  of  varied  length.  Psychophysiology  14:  445-50, 
1977. 


Two  to  4 different  young  adult  males  were  studied  while  on  five 
different  regimens  of  sleep-wakefulness.  The  regimens  studied  were:  3 
hrs  sleep,  6 hrs  wakefulness;  4 hrs  sleep*  8 hrs  wakefulness;  6 hrs 
sleep,  12  hrs  wakefulness;  10  hrs  sleep*  20  hrs  wakefulness;  and*  12 
hrs  sleep,  24  hrs  wakefulness*  The  EEG-E06  was  recorded  during  the 
sleep  period.  The  largest  change  In  sleep  pattern  occurred  In  the 
short  regimens.  In  these  regimens  Stage  2 was  reduced  and  Stages  3/4 
Increased.  The  amount  of  REN  sleep  was  stable  across  all  regimens. 

The  temporal  distribution  of  Stages  REM  and  4 was  maintained  within 
the  modified  regimens.  Increases  In  amount  of  prior  wakefulness  acted 
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predictably  to  Increase  the  aaiount  of  Stage  4.  REM  sleep  Mas 
responsive  to  sleep  onset  tine* 


1921. 

Webb,  W.  B.,  and  AgnoM,  H.  W.,  Jr.  Effects  of  rapidly  rotating  shifts  on 
sleep  patterns  and  sleep  structure.  Aviat.  Space  Environ.  Med.  49:  394-389, 
1978. 


Six  young  adult  males  mere  assigned  to  a rapidly  rotating  shift 
work  schedule  (2  d 6 am-4  pm,  2 d 4 pm-10  pm,  and  2 d lOpm-6  am). 

They  lived  In  the  laboratory  and  completed  two  rotations.  Their 
nonshift  activities  were  ad  libitum  Including  sleep  times.  The 
patterns  and  structure  of  sleep  were  analyzed.  Shift  times 
systematically  affected  sleep  patterns.  Within  shifts,  Ss  slept  as 
late  as  possible  prior  to  the  morning  shift,  went  to  bed  shortly  after 
the  night  shift,  and  slept  approximately  midway  between  shifts  on  the 
afternoon  shift.  In  transitioning  to  a new  shift,  the  new  shift  time 
tended  to  determine  sleep  time.  Sleep  was  significantly  longer  In 
transitions  between  shifts.  Sleep  structure  was  not  markedly  changed. 

1922. 

Webb,  W.  B.,  H.  W.  Agnew,  and  R.  L.  Williams.  Effect  on  sleep  of  a sleep 

period  time  displacement.  Aerosp.  Med.  42:  152-155,  1971. 

Five  young  adult  males  slept  from  1800  to  1600  and  did 
performance  tasks  from  1100  to  0700  for  four  days.  Electro- 
encephalograph records  for  the  displaced  sleep  periods  were  scored  for 
sleep  stages  and  compared  with  baseline  sleep  (1100-0700).  The  time 
awake  after  sleep  onset  was  slightly  Increased.  The  effect  on  the 
total  relative  amounts  of  sleep  stages  was  minimal.  The  temporal 
distribution  of  the  mnounts  of  state  4 and  REM  sleep  obtained  per  hour 
was  clearly  affected  but  the  cyclical  character  of  REM  In  terms  of  the 
time  between  periods  was  maintained.  We  Infer  from  our  data  that 
observed  decrements  In  performance  due  to  time  displacements  are  not 
likely  to  be  due  to  disturbed  sleep  per  se.. 

1923. 

Webb,  W.  8.,  and  M.  Bonnet.  Two  measures  of  circadian  and  sleep  loss  effects 

on  performance  (abstract).  Sleep.  Res.  5:  107,  1976. 

1924. 

Webb,  B.,  and  M.  H.  Bonnet.  The  sleep  of  "morning"  and  "evening"  types. 

Biol.  Pyschol . 7:  29-35,  1978. 

A questionnaire  developed  ty  Ostberg  to  differentiate  'morning' 
types  from  'evening'  types  was  administered  to  100  college  students. 

Vhe  actual  sleep  behavior  of  the  11  extreme  'morning'  types  (larks) 
and  the  'evening'  types  (owls)  was  monitored  for  two  weeks  with  a 
sleep  log  and  the  Post-sleep  Inventory*  Data  was  collected  from  the 
owls  for  a further  two-week  period  In  which  the  owls  had  been 
Instructed  to  attempt  to  arise  at  the  lark  arousal  time.  In  addition 
to  going  to  bed  earlier  and  getting  up  earlier  than  the  owls,  the 
larks  had  a less  variable  sleep  length  and  awakening  time  and  took 


shorter  naps  than  the  owls*  Larks  further  reported  fewer  physical 
problens  and  less  mental  activity  across  the  night  as  well  as  more 
adequate  sleep  than  ow1s»  who  differed  little  from  the  normal  college 
population  even  after  having  their  awakening  time  shifted. 


1925. 

Webb,  W.  B*,  and  N.  H.  Chase*  Reviews  - sleep  cycle.  Sleep  Res.  7:  423-425, 
1978. 


Reviews  of  seven  papers  published  from  1973  to  1976  by  d*  H*  Taub 
and  R.  d.  Berger. 


1926. 

Webb,  W.  B.,  and  d.  Friedman.  Attempts  to  modify  the  sleep  patterns  of  the 
rat.  Physiol.  Behav.  6:  459-460,  1971. 

Attempts  were  made  to  modify  the  sleep  patterns  of  rats  by  three 
extensive  behavior  control  procedures:  restriction  of  activity  from 
weaning  for  three  months;  prevention  of  sleep  (hiring  a set  six  hr 
period  per  day  by  water  wheel  enforced  movement  for  30  days;  shock 
contingently  associated  with  the  onset  of  sleep  during  a set  and  well 
cued  six  hr  period  per  day  for  ten  days.  Little  or  no  modification  of 
aqy  enduring  character  was  found  when  compared  with  control 
conditions.  The  data  suggest  a strong  Inherent  control  of  the  sleep 
response  In  the  rat. 


1927. 

Wedderburn,  A.  A.  I.  Social  factors  In  satisfaction  with  swiftly  rotating 
shifts.  Occup.  Psychol.  41:  85-107,  1967. 

1928. 

Wedderburn,  A.  Man  the  scientific  shift  worker:  an  evaluation  of  the 
methodology  of  self  recording  of  body  temperature  by  Industrial  shift  workers. 
In:  Proceedings  of  the  Second  International  Symposium  on  Night  and  Shiftwork. 
SI  ancnev  Bryag.  sIudlaTaPoris  et  SaiutisTT:  9b-iuu, 

1929. 

Wedderburn,  A.  A.  I.  EEG  and  self-recorded  sleep  of  two  shiftworkers  over 
four  weeks  of  real  and  synthetic  work  (abstract).  Int.  J.  Chronoblol.  3:  7, 
1975. 

1930. 

Wedderburn,  A.  A.  I.  Studies  of  Shiftwork  In  the  Steel  Industry.  Edinburgh: 
Herlot-Watt  University,  Iv/b. 

1931. 

Wedderburn,  A.  A.  I.  Some  suggestions  for  Increasing  the  usefulness  of 
psychological  and  sociological  studies  of  shiftwork.  Ergonomics  21:  827-833. 
1978. 


SOI 


Instead  of  attoaptlng  to  teach  one  correct  conclusion  on  the 
attitudes  of  shift  morkers  to  shift  Nork»  social  psychologists  should 
mtk  towards  amplification  of  the  meaning  of  'adjustment  to  ' and 
'satisfaction  with'  shift  work.  Single  global  questions,  which  are 
open  to  criticism  on  several  grounds,  may  be  combined  with  Job 
Descriptive  Index  (J.  D.  I.)-type  scales.  These  are  easy  to  complete 
show  good  agreement  with  global  questions,  and  may  be  used  to  point 
our  problems  In  a shift  work  situation,  these  problems  tend  to  be 
multiple  for  most  shift  workers:  physical,  social  and  personal,  but 
further  work  Is  needed  to  map  out  their  Interrelationships  In 
different  shift  work  systems  and  situations.  Sociologists  could 
usefully  explore  the  characteristic  features  of  social  settings  where 
shift  work  Is  more  or  less  acceptable. 


1932. 

Wedderbum.  A.  A.  I.  Is  there  a pattern  In  the  value  of  time  off  work 
(abstract).  In:  Int.  Synp.  on  Nlqht-  and  Shift-work.  5th.  Rouen  Fr..  19R0, 
p.  VI I 1-9.  ^ 

1933. 

Weddige.  0.  Untersuchungen  zum  Tag-Nacht-Unterschled  der  korperllchen 
Lelstungsfahlgkelt  (Investigations  on  the  day-nIght-dIfferences  of  physical 
peformance  capacity).  Bonn-Bad  Godesberg:  Deutsche  Forschungs-  und 
Versuchsanstalt  fur  Luft-  und  Raumfahrt.  Institut  for  Flugnedizin.  1974, 
DLR-FB  74-29.  70  pp. 

To  Investigate  day-nIght-dIfferences  of  physical  performance 
capacity,  we  measured  the  maximal  oxygen  uptake  In  16  male  subjects 
during  the  day  and  the  night.  Haximal  oxygen  uptake  was  slightly  but 
statistically  significant  higher  during  the  night.  In  view  of  the 
fact,  that  at  the  same  time  maximal  working  time  and  performance  were  sig- 
nificantly lower,  we  must  assume  a poorer  effectiveness  during  the 
night.  9 


1934. 

Wegmann.  H.  M..  and  R.  Herrman,  and  C.  M.  Winget.  Bioinstrumentation  for 
evaluation  of  workload  In  payload  specialists:  results  of  assess  II.  In: 
Proc.  of  XXX  Congress  of  International  Astronautical  Federation,  Hunlch. 
1979.  New  York:  Pergamon  Press.  ld)9.  pp.  i-Il. 

1935. 

Wegmann.  H.  N..  R.  Herrmann,  and  C.  H.  Winget.  Effects  of  Irregular  work 
schedules  In  a space  mission  simulation  (ASSESS  II)  (abstract).  In:  Int. 
Symp.  on  Night-  and  Shift-work.  5th.  Rouen.  Fr.,  1980.  p.  II-3. 

1936. 

Wegmann.  H.  M..  R.  Herrmann.  C.  M.  Winget,  M.  deNuIzon,  D.  Rounan.  P.  Lena,  J. 
Wijnbergen.  H.  Olthof,  K.  W.  Michel.  C.  Werner.  F.  Melchlorri.  B.  Melthlorri. 
V.  Nataie,  R.  Falclanl.  L.  R.  Smaldone.  E.  Bussolettl.  J.  Crawford.  R. 
Rothwell.  H.  Taylor.  J.  E.  Beckman.  D.  Dale,  J.  Schmitt,  and  J.  de  Waard. 
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Assess  II:  a slnulated  Mission  of  SoaceUb  (revloM  article)*  Nature  27S: 
15-19,  1978.  

1937. 

Uegmann,  H.  M.,  and  K.  E.  Klein.  Auswirkungen  transnerldlaner  Fluge  nit 
raschem  Ortzeltwechse)  auf  die  Lelstungsfahlgkelt  des  Nenschen  (The  effects  of 
transnerldlan  flight  with  rapid  tine  displacenent  on  the  perfomance 
capability  of  hunans).  Internal  Report  of  the  Deutsche  Forshungs  und 
Versuchsanhalt  fur  Luft  und  Raunfahrt,  No.  004-71/3,  1971,  19  pp. 

1938. 

Negnann,  H.  N.,  and  K.  E.  Klein.  Internal  dissociation  after  transnerldlan 
flights.  In:  Int.  Conor.  Aviat.  Space  Med..  21th  Nunchen.  1973,  Preprints. 
1973,  pp.  334-357T  — 


1939. 

Negnann,  H.  N.,  K.  E.  Klein,  and  P.  Kuki Inski.  Storungen  der  Tagesrhythmlk 
nach  zwel  Transatlantik  flugen  In  rascher  Folge  (Changes  In  the  24-hour  rhythm 
after  two  transatlantic  flights  In  rapid  succession).  Bonn-Bad  Godesberg: 
Deutsche  Forshungs-  und  Versuchsanstalt  fur  Luft-  und  Raunfahrt.  Institute 
fur  Flugnedlzln,  OFVLR  Forschungsbericht  73-15:  221-236,  1973.  (trans.  In 
Engl,  by  European  Space  Research  Organisation,  ESRO-TT-35,  1973.) 

The  effects  of  two  transatlantic  flights  In  rapid  sequence  upon 
the  24-hour  rhythm  of  bo(|y  functions  and  performance  were  studied  In  B 
male  subjects.  Flights  were  performed  as  outgoing  and  return  flight 
between  Frankfurt  and  Chicago  with  a time  shift  of  6 hours  and  a 
stopover  tine  of  26  hours.  The  results  and  their  operational 
significance  for  the  flying  personnel  are  discussed. 

1940. 

Nehr,  R.  A.,  and  F.  K.  Goodwin.  Biological  rhythms  and  affective  Illness. 
Weekly  Psychiatry  Update  Series  8:  2-8,  1978. 

1941. 

Nehr,  T.  A.,  A.  Win-Justice,  and  F.  K.  Goodwin.  Tricyclic  antideptessant 
drugs  shorten  the  period  of  hamster  circadian  rhythms.  Chronoblologla  6:  169, 


1942. 

Wehr,  T.  A.,  A.  Win-Justice,  F.  K.  Goodwin,  N.  Duncan,  and  J.  C.  Glllln. 

Phase  advance  of  the  circadian  sleep-wake  cycle  as  an  antidepressant.  Science 
206:  710-713,  1979.  

Sleep  In  depressed  patients  resembles  sleep  In  normal  subjects  whose 
circadian  rhythms  of  temperature  and  rapid-eye-novenent  sleep  are 
phase-advanced  (shifted  earlier)  relative  to  their  sleep  schedules. 

If  this  analogy  Is  relevant  to  the  pathophysiology  of  depressive 
Illness,  advancing  the  time  of  sleep  and  awakening  should  temporarily 
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compensate  for  the  abnormal  timing  of  depressed  patients'  circadian 
rhythms.  Four  of  seven  manic-depressive  patients  studied 
longitudinally  spontaneously  advanced  their  times  of  awakening 
(activity  onset)  as  they  emerged  from  the  depressive  phase  of  their 
Illness.  In  a phase-shift  experiment,  a depressed  manic-depressive 
woman  was  twice  brought  out  of  depression  for  2 weeks  by  advancing  her 
sleep  period  so  that  she  went  to  sleep  and  arose  6 hours  earlier  than 
usual.  The  antidepressant  effect  of  the  procedure  was  temporary  and 
similar  In  duration  to  circadian  desynchronization  Induced  by  jet  lag 
In  healthy  subjects.  This  result  supports  the  hypothesis  that 
abnormalities  of  sleep  patterns  In  some  typds  of  depression  are  due  to 
abnormal  Internal  phase  relationships  of  circadian  rhythms. 

1943. 

Weltzman.  E.  0.  Effect  of  sleepHvake  cycle  shifts  on  sleep  and  neuroendocrine 
function.  In:  Behavior  and  Brain  Electrical  Activation,  edited  by  N.  Burch 
and  H.  I.  Altshuler.  iiewnrork:  rienum  pr^^  19/3,  pp.  93-111. 

1944. 

Weltzman,  E.  D.,  Neuroendocrinologic  aspects  of  the  sleep-waking  cycle. 
Presentation  to  the  Association  for  the  Psychophyslological  Study  of  Sleep, 

annual  meeting.  Los  Angeles:  U.C.L.A.  Brain  Information  Service  Bri 
Publications  BIS  Conf.  Rpt.  132. 

1945. 

Weltzman,  E.  0.  Temporal  organization  of  neuroendocrine  function  In  relation 
to  the  sleep-waking  cycle  In  man.  In:  Recent  Studies  of  Hypothalamic 
Function,  edited  by  K.  Lederls  and  K.  E.  Cooper.  Proc.  of  tne  Int.  Syii|>. 
raTgSryT  Alberta,  Canada  1973.  Basel:  S.  Karger  A.6.,  1974,  pp.  26-38. 

1946. 

Weltzman,  E.  D.  Temporal  patterns  of  neuro-endocrine  secretion  In  man: 
relationship  to  the  24-hour  sleep  waking  cycle.  In:  Chronoblological  Aspects 
of  Endyrinology.  edited  by  J.  Aschoff,  et  al.  Stuttgart:  Schattauer,  1974, 

PPe 

1947. 

Weltzman,  E.  Neuro-endocrine  pattern  of  secretion  during  the  sleep-wake  cycle 
of  man.  Prog.  Brain  Res.  42:  93-102,  1975. 

1948. 

Weltzman,  E.  D.  Circadian  rhythms.  In:  Shiftwork  and  Health:  A Symposium, 
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In  over  10,000  cases  In  which  patients  biorhythms  were  considered,  no 
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Wilkinson,  R.  T.,  and  M.  Stretton.  Performance  after  awakening  at  different 
times  of  night.  Psychon.  Sci.,  23:  283-285,  1971. 

Naval  ratings  were  r^sed  during  the  night  and  presented 
themselves,  dressed,  for  testing  in  a nearby  room  within  4 min. 

During  the  next  11  min,  they  were  given  tests  of  reaction  time, 
calculation,  and  muscular  coordination  and  steadiness.  In  all  three 
tests,  performance  was  well  below  the  normal  level  achieved  during  the 
day.  On  different  occasions,  the  men  were  roused  at  different  times 
of  night,  and  this  factor  Influenced  which  task  was  affected  most. 
Reaction  time,  with  its  intermittent  call  for  rapid  response,  was 
Impaired  most  in  the  early  part  of  the  night;  the  adding  and 
coordination  tasks,  which  demanded  more  continuous  performance,  were 
more  affected  later  In  the  night.  It  is  suggested  that  the  early 
effects  may  be  due  to  the  depth  of  the  preceding  sleep,  while  the 
later  ones  may  be  influenced  more  by  the  trough  in  the  circadian  cycle 
of  ohysiological  activity. 


2009. 

Williams,  H.  L. , and  C.  L.  Williams.  Nocturnal  EEG  profiles  and  performance. 
Psychophysiol ogy  3:  164-175,  1966. 

2010. 

Williamson,  T.  6.  Cancel  today,  and  save  tomorrow.  Air  Scoop  15:  18-20, 
1975. 

In  an  analysis  of  59  USAF  aviation  accidents,  he  found  that  44* 
occurred  on  biorhythm  cycle  critical  days*  However,  Wolcott,  et  al. 
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have  criticized  this  study*  claiming  that  Williamson  used  a 72>hour 
critical  period  and  attempted  to  compare  his  results  with  those 
expected  for  a 24  hour  period. 


2011. 

wmiSi  H.  R.  Biorhythm  and  Its  relationship  to  human  error.  Proceedings  of 
the  Annual  Meeting  of  the  Human  Factors  Society*  16th*  Los  Angeles*  Cal*  1972* 
pp.  274-282. 

The  author  cites  accident  statistics  from  the  Ohml  Railway  Co.  of 
Japan  In  which  31%  of  212  driver  accidents  occurred  on  days  adjacent 
to  the  critical  days.  Institution  of  a biorhythm  safety  plan  resulted 
In  2 million  accident  free  kilometers.  Kurucz  and  Khalil  criticize 
the  Implication  that  a significantly  high  frequency  of  accidents  In 
this  study  occurred  on  biorhythm  critical  days  by  pointing  out  that 
the  expected  accident  frequency  depends  upon  the  definition  of 
critical  day.  If  the  definition  (unspecified)  In  this  study  Included 
noon  crossing  days  and  days  before  and  after  midnight  crossing  then 
the  percentage  of  accidents  specified  on  critical  and  adjacent  days 
would  not  significantly  exceed  chance  expectation.  The  author  refers 
to  additional  biorhythm  studies  being  performed  with  respect  to  auto 
accidents,  hospital  records  and  performance  of  football  teams. 


2012. 

Willis,  H.  R.  Biorhythm  and  Its  Relationship  to  Human  Error.  Missouri 

Southern  State  tollege,  Joplin,  Mo.,  1973. 

Of  200  hospital  deaths  In  the  Joplin,  Mo.,  area,  112  (56%)  died  on 
critical  days.  In  another  sample  of  120  hospital  deaths,  62  (52%) 
occurred  on  critical  days.  Of  78  heart  attack  deaths,  63%  occurred  on 
critical  days.  In  an  analysis  of  100  fatal  auto  accidents  Involving  a 
single  driver,  46%  died  on  a critical  day  and  57%  died  on  the  critical 
and  adjacent  days.  Note:  depending  upon  the  definition  of  critical 
day,  these  results  may  not  be  statistically  significant.  See  Kurucz 
and  Khalil  J.  Safety  Res.  9;  150-158,  1977. 

2013. 

Willis,  H.  R.  The  effect  of  biorhythm  cycles  - Implications  for  Industry. 

Paper  presented  at  the  American  Industrial  Hygiene  Conference,  Miami  Beach, 

Fla.*  1974. 


2015. 

Wilson.  M.  M..  R.  W.  Rice,  and  V.  CrItchlOM.  Evidence  for  a free-running 

circadian  rhythm  in  pituitary-adrenal  function  In  blinded  adult  female  rats. 

Heuroendocrinolofly  20:  289-295,  1976. 

2016 

Winaet.  C.  M.  Circadian  rhytlvns  In  human  subjects.  Chronoblologla  2.  Suppl. 

1:  78.  1975. 

2017 

Winget.  C.  H*  Circadian  rhythms  of  the  Rhesus  iR>nkey.  In:  The  Rhesus 

Monkey,  edited  by  G.  H.  8ourne.  New  York:  Academic  Press,  VoTT  2,  l§75.  pp. 

277-^02. 

2018 

Winget.  C.  M.  Significance  of  biorhythms  In  space  flight.  In:  Proc.  of  the 

1973  JSC  Endocrine  Program  Conf..  1975.  11  pp.  Moffett  Field.  Calif.: 

National  Aeronautics  and  Space  Administration,  Ames  Research  Center. 

Evidence  Is  presented  that  the  most  Important  factor  In  the 
maintenance  of  optimal  health  and  performance  Is  the  stability  of  the 
relationship  of  one  body  rhythm  to  another.  The  effect  of  social 
Interaction  on  performance,  well-being,  and  physiological  rhythm 
synchrony  was  Investigated.  Three  groups  of  healthy  males,  ages  21  to 
25,  were  confined  In  rooms  (3.4  by  5.2  meters  (11  by  17  feet)  for  a 
total  period  of  105  days.  Two  of  the  groups  were  In  rooms  In  which 
the  environment  could  be  regulated.  The  third  group  served  as  the 
control  group  and  was  exposed  to  ambient  experimental  conditions.  The 
confined  subjects  were  exposed  for  periods  to  several  days  either  to 
16  hours  of  light  and  8 hours  of  dark,  or  to  continuous  light  at  a 
light  Intensity  of  161  Im/sq  m (15  foot-candles).  The  confined 
subjects  were  deprived  of  all  time  cues,  and  meals  were  ad  libitum. 

The  subjects  were  observed  throughout  the  study  by  a video  camera  and 
were  scored  for  activity.  Communications  were  limited  to  meal  and 
sample-collection  Information,  and  meals  and  samples  were  passed 
through  a two-way  hatch.  Rectal  temperature  and  heart  rate  (HR)  were 
sampled  every  30  minutes  by  telemetry  throughout  the  study.  Results 
are  presented. 


2019 

Winget.  C.  M.  Biorhythms  and  space  experiments  with  nonhuman  primates. 

In:  The  Use  of  Nonhuron  Primates  In  Space,  edited  by  R.C.  Simmonds  and  G.H. 

Bourne,  SpfTn^leld,  VA:  National  Tecnnical  Information  Service,  NASA 

Conference  Publ.  005,  1977,  pp.  165-177. 

Man's  response  to  exposure  to  spaceflight  and  weightlessness  Is 
expressed  In  physiological  adjustments  idilch  Involve  his  health  and 
ability  to  function.  The  amplitude  and  periodicity  of  fluctuations  In 
biological  processes  affect  various  functions  and  responses  to 
provocative  stimuli.  Primates  and  other  species  are  subjected  to 
tests  to  determine  the  consequences  of  an  altered  biorhythm  on  work 
and  performance,  emotional  stability,  biomedical  evaluation  In  space, 
the  ability  to  cope  with  the  unexpected,  and  susceptibility  to 


Infection,  toxicity*  radlotlon*  drugs,  and  stress.  Factors  In  the 
environment  or  operational  setup  which  can  change  the  physiological 
baseline  must  be  detemlned  and  controlled. 

2020. 

Winget,  C.  Telling  your  body  where  you  are  - post*f11ght  adjusting.  The 
British  /Maerican.  May,  1978,  p.  25. 

2021. 

Winget,  C.  M.  Oesynchronosis  on  the  human  body  - s pictorial  presentation. 
Proc.  Symp.  StfE  Assoc..  7th,  Las  Vegas,  1979,  pp.  252-256. 


2022. 

Winget.  C«  M.  Telling  time  by  the  body  clock.  Runner's  World  14:  63-65, 
ig79.  


2023. 

Winget,  C.  N.  and  J.  R.  Beljan.  Circadian  systems  In  medicine.  PART  I. 
Nebraska  Hed.  J.  65(11):  303-306,  1980. 


2024. 

Winget,  C.  M.  and  J.  R.  Beljan.  Circadian  systems  In  medicine.  PART  II. 
Nebraska  Med.  J.  65(12):  326-329,  1980. 


2025. 

Winget,  C.  M.,  6.  H.  Bond,  L.  S.  Rosenblatt,  N.  W.  Hetherington,  E.  A. 
Higgins,  and  C.  OeRoshla.  Quantitation  of  desynchronosis.  Chronoblologla 
2:  197-204,  1975. 


In  order  to  find  ways  of  preventing  or  correcting  the  effects  of 
desynchronosis.  It  Is  necessary  to  know  the  physiological  mechanisms 
that  are  affected  and  to  quantitatively  determine  their  rate  of 
recovery  following  a time-zone  change.  To  best  accomplish  this.  It  Is 
necessary  not  only  to  establish  the  rates  of  change  brought  about  In 
performance  and  physiological  systems  during  actual  flight 
experiments,  but  to  complement  these  observations  with  ground-based 
simulation  experiments.  A mathematical  model  was  developed  to 
quantitatively  describe  desynchronosi s and  was  applied  to  data 
obtained  from  ground-based  photoperiod  shift  studies  using  monkeys. 

An  Initial  steady  state.  Vg,  and  a final  steady  st4te,  Vj.  are 
postulated.  The  measured  data  vector,  Vt,  Initially  equals  Vc* 
and  finally  equals  Vj.  xf,e  difference  vector.  Vt$  with  components 
A(t)  and  B(t)»  defined  as  the  dot  product  and  cross  product  of 
vectors  and  Vj,  termed  the  desynchronosis  vector.  The 
trajectory'  of  A(t)  with  time  Is  given  by:  A(t)  * ^ * (a^Bt), 
where  A Is  the  asymptote  denoting  complete  resynchronization,  a Is 
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proportional  to  the  total  desynchronosi s on  day  0,  and  B Is  the  rate 
of  resynchronization.  The  nimber  of  cycles  required  to  achieve  a 95X 
recovery,  tpc.is  computed.  This  model  has  been  applied  to  body 
temperature  TbT)  data  from  a monkey  subjected  to  a 180*  phase-shift  by 
alternating  the  photoperiod.  The  BT  rhythm  was  Initially  stable  and  a 
180*  reversal  of  phase  with  the  new  environment  was  eventually 
achieved.  Estimated  rephasal  times  were:  37X  In  2.6  days;  SOX  In  5.6 
days,  and  95X  In  8.4  days.  Similar  rates  of  Internal  and  external 
resynchronization  have  been  obtained  from  human  photoperiod  shift, 
ground-based  experiments.  Estimated  rephasal  time  for  RT  rhythms  with 
HR  rhythms  to  the  new  photoperiod  (tgs)  is  4.9  days. 

2026. 

Winget,  C.  M.,  L.  F.  Chapman,  0.  A.  Rockwell,  J.  Vernikos-Danellls,  and  J.  R. 

Beljan.  Human  circadian  rhythms:  psychological,  perfoimance  and  physiological 
deconditioning  In  the  aeronautics  and  astronautics  environment. 

Chronoblologla  6:  173-174,  1979. 

2027. 

Winget,  C.  M.,  C.  W.  DeRoshIa,  and  J.  R.  Beljan.  Influence  of  105  days  of 
poclal  ^prlv^tlon  on^^l^lologlcal  rhythmlclty*  Aerosp.  Med.  Assoc., 

2028.  Winget,  C.  M.,  C.  W.  DeRoshIa,  and  H.  Sandler.  Influences  of  horizontal 
hypokinesia  on  performance  and  circadian  physiological  rhythms  In  female 
humans.  The  Physiologist  22  (Suppl):  S79-S80.  1979. 

2029. 

Winget,  C.  M.,  C.  W.  DeRoshIa,  and  H.  Sandler.  The  effect  of  bedrest  and  i 

confinement  on  circadian  rhythm  synchrony  of  female  subjects.  Aerosp.  Med. 

Assoc..  Preprints,  1976,  pp.  254-255. 

We  have  In  recent  years  reported  that  hypokinesis  Induced  by 
bedrest  In  humans  results  In  circadian  rhythmic  desynchronization 
despite  the  presence  of  a well  defined  light-dark  cycle.  This 
appeared  to  be  caused  by  the  phase  shifting  of  different  physiological 
parameters.  The  onset  and  rate  at  which  this  phase  shifting  occurred  depends 
on  the  duration  of  bedrest  and  on  the  particular  paramenter  measured. 

For  Instance,  although  the  body  temperature,  glucose  and  Insulin 
rhythms  became  unstable  very  early  during  bedrest,  heart  rate  did  not 
phase-shift  until  after  the  twenty-second  day.  Since  previous  bedrest 
studies  have  been  limited  to  young  male  subjects,  the  present 
study  was  designed  to  determine  If  female  human  subjects  exhibit 
comparable  changes  In  rhythmic  stability  In  response  to  bed  rest. 

2030. 

Winget,  C.  M.,  C.  W.  DeRoshIa,  J.  Vernikos-Danellls,  L.  S.  Rosneblatt,  and 
N.  W.  Hetherl ngton.  Comparison  of  circadian  rhythms  In  male  and  female 
humans.  Waking  and  Sleeping  1:  359-363,  1977. 
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The  heart  rate  (HR)  and  rectal  tanperature  (RT)  data  reported  here 
Mere  obtained  for*  12  fenale  and  27  iiale  subjects.  The  subjects  were 
housed  In  a facility  where  the  envlroiment  was  controlled.  Hunan  male 
and  female  RT  and  HR  exhibit  a circadian  rhythm  with  an  excursion  of 
about  1.2”C  and  30  beats/mln,  respectively.  The  acrophases, 
amplitudes,  and  level  crossings  are  only  slightly  different  between 
the  sexes.  The  male  HR  and  RT  circadian  wave  forms  are  more  stable 
than  those  of  the  females.  However,  the  actual  RT  and  HR  of  males 
were  always  lower  than  that  of  females  at  all  time  points  around  the 
clock.  The  HR  during  sleep  In  females  Is  15X  below  the  dally  mean 
heart  rate  and  In  males,  22X. 

2031. 

Winget,  C.  N.,  N.  H.  Hetherington,  L.  S.  Rosenblatt,  and  P.  C.  Rambaut. 

Method  for  analyses  of  cyclic  physiological  data  that  are  nonstationary  In 

time.  J.  Appl.  Physiol.  33:  635»639,  1972. 

The  application  of  the  summation  dial,  a method  for  the  analyses 
of  cyclic  physiologic  data  that  are  nonstationary  In  time.  Is 
presented.  Previous  biorhythm  methods  of  analyses  (harmonic  analyses) 
have  assumed  the  data  to  be  stationary  In  time,  1.  e.,over  successive 
cycles  the  period,  amplitude,  and  phase  vary  only  because  of  random 
error.  In  the  study  of  cyclic  biologic  phenomena  (e.  g.,  applied 
rhythmometry,  human  asynchrory  experiments)  where  the  exper>^ment  Is 
designed  to  produce  changes  In  amplitude  or  phase  the  data  a<^  not 
stationary  In  time.  Therefore,  a new  application  of  an  existing 
analytical  method  (2),  the  summation  dial.  Is  presented.  The  sole 
assumption  was  that  the  period  (tau  • 24  hr)  was  constant.  The  data 
consisted  of  six  points  per  day  (on  heart  rate,  body  temperature,  and 
other  parameters)  and  were  fit  to  the  equation:  Y • m a cos  wt b 
sin  wt,  to  produce  the  a and  b,  where  the  amplitude,  R « 

(a2«  b2)l/2  and  Q • tan'*'®'*^*  The  point  (a,  b)  represents, 
then  the  end  of  a vector  with  magnitude  R and  direction  0.  The 
summation  of  these  vectors,  or  train  of  vectors,  produces  the 
simulation  dial.  The  direction  of  the  vector  train  Is  the  hour  of  the 
day  at  which  estimated  peak  activity  occurred.  Analyses  of  data  by 
this  method  Indicate  that  the  summation  dial  Is  able  to  detect  dynamic 
changes  In  time  of  peak  as  well  as  "random  walks”  (arrhythmia);  If 
constancy  of  period  Is  assimied,  a linear  change  of  phase  Is  also 
detectable*  Correlations  over  time  between  physiologic  parameters  may 
be  studied  by  use  of  the  vector-dl fference  dial  that  quantifies  the 
angle  between  the  summation  dials  of  the  two  parameters. 


2032. 

Winget,  C.  M.,  L.  Hughes,  and  J.  LaOou.  Physiological  effects  of  rotational 
work  shifting:  a review.  0.  Occup.  Med.  20:  204-210,  1978. 

The  high  cost  of  capital  equipment,  demands  of  the  world  markets, 
and  continuity  requirements  of  many  technological  processes  have 
forced  Industry  to  operate  three-shift,  24-hour  days.  Workers  on 
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fixed  schedules  experience  no  perticular  problens  fron  shift  Mort»but 
those  who  are  shifted  periodically  can  undergo  physiological  and 
OMOtlonal  disturbance.  These  disturbances  occur  because  most  human 
systems  function  according  to  circadian  rhythms  that  can  be  easily 
disoriented.  The  primary  cause  Is  the  periodic  shifting  of 
the  llghtodarfc.  weke-sleep  cycles.  Extensive  literature  exists  on  the 
cause  and  symptoms  of  disturbances  In  the  human  physiological  rhythms. 

The  Information  contained  In  this  literature  can  be  applied  to 
protecting  the  health  and  well-being  of  the  worker. 

2033. 

Winget,  C.  M.»  and  J.  LaOou.  Viking  75  - a venture  Into  altered  time 
(pamphlet).  Noffett  Field  Ca.:  NASA,  Ames  Research  Center,  12  pp. 

2034. 

Winget,  C.  M.,  and  C.  $*  Leach.  Circadian  rhythms  In  human  subjects.  Proc. 
Int.  Conf.  Int.  Soc.  Chronoblol..  12th.,  Milan:  II  Ponte,  1977,  pp,  S3/-547. 

2035. 

Winget,  C.  M.,  J.  Lyman,  and  J.  R.  Beljan.  The  effect  of  low  light  Intensity 
on  the  maintenance  of  circadian  synchrony  In  human  subjects.  Dayton,  Ohio: 
Wright  State  Univ.  Research  Inst.  Plenary  Meeting,  19th,  Philadelphia,  Pa., 
June  3-19,  1976,  Paper,  12pp. 

Experiments  were  conducted  on  six  healthy  male  subjects  aged  20-23 
yr  and  exposed  for  21  days  In  a confined  regulated  environment  to 
16L:80  11ght:dark  cycle  with  a view  toward  determining  whether  the 
light  environment  of  16L:80  at  the  relatively  low  light  intensity  of  15 
ft.c.  Is  adequate  for  the  maintenance  of  circadian  synchrony  In  man. 

The  light  Intensity  was  100  ft.  c.  during  the  first  seven  days, 
reduced  to  15  ft.  c.  during  the  next  seven  days,  and  Increased  again 
to  100  ft.  c.  during  the  last  seven  days.  Rectal  temperature  (RT)  and 
heart  rate(HR)  were  recorded  throughout  the  three  phases.  In  the  100 
ft.  c.  regime,  the  RT  and  HR  rhythms  remained  stable  and  circadian 
throughout.  It  Is  shown  that  15  ft.  c.  light  Intensity  Is  at  or  below 
threshold  for  maintaing  circadian  synchrony  of  human  physiologic 
rhythms  marked  by  Instability  and  Internal  desynchronization  with 
degradation  of  performance  and  well-being. 

2036. 

Winget,  C.  N.  L.  Lyman,  and  J.  R.  Beljan.  The  effect  of  low  light  Intensity 
on  the  maintenance  of  circadian  synchrony  In  human  subjects.  In:  Life 
Sciences  and  Ssice  Research.  Vol.  IV,  edited  by  R.  Holmquist,  and  A.  C. 
^t1ck1an(C  New  Voriu  Pregammon  Press,  1977,  pp.  233-237. 

The  light- Intensity  threshold  for  humans  Is  not  known.  In  past 
space  flights  owing  to  power  restrictions,  light  Intensities  have 
been  minimal  and  report^  to  be  as  low  as  14  ft.c.  This  stu<(y  was 
conducted  to  determine  whether  the  11ght(L)  dark  (D)  environment  of 
16L:60  at  the  relatively  low  light  Intensity  of  15  ft.  c.  was  adequate 
for  the  maintenance  of  circadian  synchroqy  in  human  subjects.  Six 
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healthy  M^e  subjects  aged  20^3  years  were  exposed  for  21  deys  to  a 
16L:80  photoperiod.  During  the  first  7 deys  the  light  Intensity  was 
100  ft  c.:  It  was  v'educed  to  14  ft.  c.  during  the  next  7 deys  end 
Increased  again  to  100  ft.  c.  during  the  last  7 deys  of  the  study. 
Rectel  temperature  t'RT)  and  heart  rate  (HR)  were  recorded  continuously 
throughout  the  21  deys  of  the  study.  In  the  100  ft.  c.  16L:80  the  RT 
and  HR  rhythms  remained  stable  and  circadian  throughout.  When  the 
light  Intensity  was  decreased  to  14  ft.  c.  the  periodicity  of  the  HR 
rhythm  was  significantly  decreased  and  this  rhythm  showed  marked 
Instability*  In  contrast  the  period  of  the  RT  rhythm  did  not  change 
but  a consistent  phase  delay  occurred  due  to  a delay  In  the  llghts-on 
associated  rise  In  RT.  These  divergent  effects  on  these  two  rhythms 
In  Internal  desynchronization  and  performance  decrement  during  the  15 
ft.  c.  exposure.  The  data  emphasize  the  need  for  establishing 
accurately  the  minimal  lighting  requirements  for  the  maintenance  of 
circadian  rhythmns  of  humans  In  confined  environments. 


2037. 

Hinget.  C.  M.»  0.  F.  Rahimann.  and  N.  Pace.  Phase  relationships  between 
circadian  rhythms  and  photoperlodi sm  In  the  monkey.  In:  Circadian  Rhythms  In 
Hon*human  Primates.  Bibliotheca  Primatologica.  no.  9.  ^ York:  larger, 

IW97  PP.  

The  areas  under  the  OBT  wave  forms  (figs.  1.  4 and  S)  are 
proportional  to  the  energy  produced  by  the  Individual  animals.  The 
finding  that  the  wave  form  areas  were  unchanged  when  the  monkeys  were 
shifted  from  12L:12D  to  24L:00  may  Indicate  that  within  each  animal, 
energy  expenditures  are  constant,  at  least  under  the  experimental 
conditions  utilized  here. 

In  conclusion,  although  the  results  do  not  Indicate  which 
physiological  mechanisms  are  responsible  for  the  circadian  rhythms  of 
OBT,  locomotor  activity  end  heart  rate  In  the  non-human  primates,  they 
do  Indicate  that  the  relationships  Involved  are  nonlinear.  These  data 
do  not  permit  a definitive  statement  concerning  the  length  of  time 
required  for  the  lyhthm  to  phase  back  on  to  a secondary  'Zeltbeger*. 

The  asymmmetry  of  the  data,  the  differences  In  the  rates  of  change, 
the  consistent  location  of  the  minima  (In  the  dark  period),  the 
variability  of  the  maxima,  and  the  correlation  of  the  rhythms  all 
point  to  the  existence  of  at  least  two  unequal  control  menchanisms. 


2038. 

Uinget.  C.  M.,  J.  Vemikos-Oanellls,  and  H.  R.  Beljan.  Synchrony  of 
Physiological  rhythms  Is  regulated  fay  social  Zeitgebers.  Physiologist  18: 
954,  1975. 

Although  circadian  rhythms  In  man  are  endogenous  and  persist  under 
constant  conditions,  environmental  correlates  have  been  shown  to 
synchronize  physiological  functions.  The  possibility  that  social 
stimuli  mqy  also  have  synchronizing  properties  was  determined  by 
analyzing  the  circadian  rhythm  characteristics  of  nine  healthy  male 
subjects  confined  singly  or  In  groups  of  three  under  regulated  or 
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constant  light  conditions.  Heart  rate  (HR),  body  tenperatura  (BT), 
activity*  urine  voluea,  and  urine  excretion  of  certain  metabolites 
Mere  measured  frequently  each  experimental  day.  The  two  groups  of 
three  subjects  each  were  confined  In  rooms  where  the  environment  was 
regulated;  the  third  group  served  as  controls*  were  not  confined*  but 
were  exposed  to  ambient  experimental  conditions.  During  the  first 
24-day  control  pericfl  «d)en  a1)  three  groups  were  In  16l:8D  the  BT  and 
HR  rhythms  rema1ne<l  stable  and  circadian  In  the  confined  subjects,  as 
they  did  In  the  controls  throughout  the  study.  The  photo  period  was 
then  changed  to  241.: 00  In  both  confinement  rooms.  Under  these 
conditions  period  lengths  Increased  and  considerable  phase  shifting 
occurred  In  all  six  confined  sid>jects.  However,  although  the  rate  of 
this  Increase  In  period  and  phase  shift  was  identical  fOr  the  three 
subjects  within  a room  they  differed  greatly  between  the  two  rooms. 

One  confined  group  desynchronized  with  respect  to  sidereal  time  at  the 
rate  of  12  mln/day  whereas  the  other  group  shifted  by  60  mln/day.  In 
spite  of  the  fact  that  both  croups  were  under  Identical  environmental 
conditions.  These  fret^runnlng  periods  differed  frm  those  of  the 
same  subjects  under  the  same  conditions  when  confined  singly.  The 
data  provide  evidence  that  social  Interaction  may  act  as  a Zeitgeber 
to  synchronize  endogenous  rhythms. 


2039. 

Hinget,  C.  N.,  J.  Vemlkos-DanelHs,  S.  C.  Cronin,  C.  S.  leach,  P.  C.  Rambaut, 
and  P.  B.  Mack.  Circadian  rhythm  asynchrory  In  man  during  hypokinesis.  J. 
Appl.  Physiol.  33:  640-643,  1972. 

Posture  and  exercise  were  Investigated  as  synchronizers  of  certain 
physiologic  rhythms  In  eight  healthy  male  subjects  In  a defined 
environment.  Four  subjects  exercised  during  bed  rest.  Body 
taaiperature  (BT),  heart  rate  (HR),  plasma  thyroid  horsione  (T3  T4) 
and  plasma  steroid  (CS)  data  were  obtained  from  the  subjects  for  a 
7-day  ambulatory  equilibration  period  before  bed  rest,  46  days  of  bed 
rest,  and  a 10-day  recovery  period  after  bed  rest.  During  b^  rest 
mean  HR  Increased  xdtile  BT  decreased.  Heart  rate  rhythm  remained  more 
stable  throughout  bed  rest  than  the  other  rhythms  studied.  The 
results  Indicate  that  the  mechanism  regulating  the  circadian 
rhythmicity  of  the  cardiovascular  system  Is  rigorously  controlled  and 
Independent  of  the  endocrine  system,  td«11e  the  BT  rhythm  Is  more 
closely  aligned  to  the  endocrine  system. 

20^0. 

Hinget,  C.  M.,  J.  Vernlkos-OanelHs,  C.  W.  OeRoshIa,  S.  E.  Cronin,  C.  Leach, 

P.  C.  Rambaut*  Rhythms  during  hypokinesis.  In:  Biorhythms  and  Human 
Reproduction,  edited  by  N.  Ferin,  F.  Halberg,  R.  M.  Ricnart,  an?  R.  1.  Van  de 
Wiele.  Hew  York:  John  Hilay  and  Sons,  1974,  pp.  S7S-S87. 

Asynchrony  of  the  bo<(y  temperature  (BT)  and  heart  rate  (HR) 
circadian  rhythms  In  amn  was  achieved  without  changing  the  photoperiod 
by  complete  bed  rest  without  exercise.  This  asynchrony  was 
characterized  by  marked  phase-shifting  and  a decrease  In  aeplltude  of 
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BT  «nd  HR  which  r# turned  to  nonul  In  the  post-bed  rest  period.  Bed 
rest  also  resulted  In  hypothemie  end  e transient  bradycardia  which 
were  evident  within  the  first  2 days  of  bed  rest.  Althouph  the 
asynchrony  of  the  rhythms  wes  also  present  at  this  t1me»  It  became 
most  marked  or  the  23rd  dny  of  bed  rest.  On  this  day.  sudden 
phase-shifting  occurred  In  all  subjects  at  004S  hours  and  wes 
accompanied  by  a SOX  increase  In  HR.  Neither  the  prolong^ 
Inactivity  nor  the  confinement  associated  with  bed  rest  were 
responsible  for  these  effects.  It  Is  proposed  that  reduction  of 
stimuli  to  proprioceptive  receptors  requires  a compensatory  Increase 
of  to  the  environmental  synchronizers  In  order  to  maintain  rhythm 
synchrony* 


2041. 

Winget.  C.  N.»  J.  Vernikos-Danellls.  C.  S.  Leach,  and  P.  C.  Rambaut. 
Dissociation  of  effects  of  prolonged  confinement  and  bedrest  In  normal  huPian 
subjects:  heart  rate  and  body  temperature.  In:  Proc.  of  the  1971  Hanned 
Spacecraft  Center  Endocrine  Program  Conf..  1972.  13  pp.  “Houslon.  tex: 
mtionaV  Aeronmicics  ana  Spsice  ndmlnlsfratlon.  Lyndon  B.  Johnson  Space  Center. 


2042. 

Hinget.  C.  M.,  J.  Vernikos-Danellls.  C.  S.  Leach,  and  P.  C.  Rmbaut.  Phase 
relationships  between  circadian  rhythms  and  the  environment  In  humans  during 
hypokinesis.  In:  Chronoblology.  edited  by  L.  E*  Scheving.  F.  Halberg.  and  J. 
E*  Pauly.  Tokyo;  igaku  ^hoin7Ltd..  1974.  pp  429-434. 

The  effect  of  restricted  activity  (bed-rest)  on  certain 
physiologic  rhythms  In  eight  healthy  male  subjects  »^1nta1ned  In  a 
defined  environment  wes  Investigated.  A photoperiod  of  16L:6D  was 
maintained  for  a six  day  ambulatory,  pre-bed-rest  equilibration 
period.  56  days  of  bed-rest  and  a 10-day  post-bed-rest  recovery 
period.  Four  of  the  subjects  exercised  during  bed-rest.  Body 
temperature  (BT)  data  were  obtained  using  ear  thermistors  and  heart 
rate  (HR)  was  measured  from  pulse  rates  and  by  EK6  f,ensors  connected 
to  a cardlotachometer.  Circulating  cortisol,  triiodothyronine  (T3) 
and  thyroxine  (T4)  concentrations  were  detemlned  In  the  blood 
samples  drawn  at  four  hourly  Intervals  for  4B-hovn  periods  before,  10. 

20.  30.  42.  and  54  days  during,  and  10  days  post>»ed-rest.  During 
bed-rest  mean  HR  Increased  while  BT  and  steroid  outputs  decreased. 

Neither  exercise  nor  the  10-day  post-bed-rest  ambulatory  period 
prevented  or  corrected  this  effect.  HR  remained  mre  stable 
throughout  bed-rest  than  the  other  rhythms  studied.  In  contrast,  the 
Mplltude  of  the  T4  rhythm  appeared  to  Increase  as  bed-rest 
progressed  and  the  total  serum  T3  concentrations  Increased  during 
the  latter  part  of  the  bed-rest.  The  data  Indicate  the  dally  change 
In  phase  and  amplitude  of  BT.  T3,  and  T4  rhythms  are  due  to  the 
position  of  the  both'.  The  observed  low  grade  hypothermia  and  minor 
tachycardia  * 't^ristlc  of  the  hypokinetic  syndrome  In  man. 
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2043. 

Wojtczak«Jaroszowa,  J.  Health  and  shift  work.  Discussion  II.  In:  Shift 
Wo^  and  Health,  edited  by  P.  G.  Rentes,  and  R.  0.  Shepherd.  Washington, 

D.C.:  H.S.  Dept,  of  Health,  Education,  and  Welfare,  H.E.W.,  Publ.  Ho.  76-203, 
1976,  pp.  72-86. 

2044. 

Wojtc:;ak-Jaroszowa,  J.  Physiological  and  Psychological  Aspects  of  Night  and 
Shift  Work.  Washington,' K C.  : U.  S7Tfept:^TI.07,"No.  75-TTj,'  1977,  88 

pp. 


> this  review,  the  results  of  physiological  and  psychological 
stfvWes  related  to  night  and  shfit  work  have  been  collected.  They  are 
discussed  mainly  from  the  standpoint  of  their  possible  utilization  In 
Industry,  In  understanding  the  problems  of  shift  work,  the  sources  of 
possible  troubles  and  complaints  connected  with  shift  work,  and  In  the 
alleviation  of  the  problems.  The  variety  of  jobs  Involving  shiftwork 
In  modern  Industry  Indicates  the  need  for  this  review.  Circadian 
rhythms  In  biological  functions  are  reviewed  with  the  purpose  of 
drawing  the  reader's  attention  to  the  variations  In  the  organism's 
functional  capacities  during  day  and  night,  and  as  a result  of  that, 
variations  In  responsiveness  to  environmental  factors,  as  well  as  to 
work-responsiveness  to  envlrormental  factors,  as  well  as  to  work.  It 
Is  not  the  Intention  of  the  author  to  suggest  that  all  night-day 
variations  observed  In  physiological  function,  sensory-motor 
performance,  and  work  efficiency  reflect  only  the  circadian  rhythm. 

The  problems  related  to  physical  work,  mental  and  sensory  motor 
performance  and  some  aspects  of  night  work  In  hot  environments  are 
reviewed.  The  main  objective  Is  to  attempt  an  answer 
to  the  question:  Is  It  appropriate  to  Impose  the  same  demands  on  a 

worker  employed  at  night  as  those  required  of  a worker  during  the  day 
and.  If  not,  to  what  degree  and  In  what  respect  should  the 
requlranents  be  modified?  Special  attention  Is  paid  to  the  Importance 
of  sleep  after  night  duty.  Data  are  presented  on  various  arrangements 
of  shift  systems,  as  well  as  on  organization  of  the  working  time  and 
breaks  during  the  night  shift. 


2045. 

Wojtczak-Jaaroszowa,  J.  Influences  of  long-lasting  physical  work  upon  mental 
and  psychomotor  performance  In  relation  to  the  time  of  day.  Acta  Physiol. 
Pol.  29:  325-334,  1978.  

2046. 

Wojtczak-Jaroszowa,  J.,  and  A.  Banaszkiewics.  Physical  working  capacity 
during  the  day  and  night.  Ergonomics  17:  193-198,  1974. 

2047. 

Wojtczak-Jaroszowa,  J.,  A.  Nakowska,  H.  Rzepecki,  A.  Banaszkiewica,  and  A. 
Romejko.  Changes  In  psychomotor  and  mental  task  performance  following 
physical  work  In  standard  conditions,  and  In  a shift-working  situation. 
Ergonomics  21:  801-809,  1978. 
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Ten  shift  MOricers  and  43  students  were  tested  on  a battery  of 
psychological  tests  at  different  time  of  day  within  prolonged  sessions 
of  activity*  It  was  shown  that  performance  levels  were  determined  by 
three  factors:  circadian  flucuatlons,  elapsed  time  since  the 
beginning  of  a session,  and  physical  work  done  prior  to  testing. 
Visual-motor  coordination  was  enhanced  by  the  latter,  but  efficiency 
at  purely  mental  tasks  was  degraded. 

2048 

Wolcott,  J.  H.,  W.  0.  Foster,  R.R.  McMeekIn,  and  R.  E.  Yanowitch.  Correlation 

of  biorhythm  with  accident  occurrence  and  choice- reaction  tine  performance. 

Aerosp.  Med.  Assoc.  Preprints,  1977,  pp*  183-184. 

Analysis  of  880  USAF  aviation  accidents  showed  no  significant 
deviation  of  observed  accident  frequencies  from  those  expected  by 
chance  on  biorhythm  critical  days.  Combination  of  this  data  with 
4279  other  aviation  accidents  revealed  that  the  number  of  accidents 
occuring  on  biorhythmic  triple  critical  days  was  exactly  the  number 
expected  by  random. 

A study  of  choice  reaction  time  In  224  trials  with  6 subjects  was 
related  to  biorhythm  cycle  criticality  (on  a scale  of  1-6).  T-tests 
were  computed  for  24  or  48  hour  critical  periods  and  revealed  no  trend 
toward  below  average  performance  with  Increasing  cycle  criticality,  as 
the  theory  predicts.  Chi  square  analysis  revealed  no  significant 
relationship  between  biorhythm  phase  and  performance  levels.  (For 
more  extensively  analyzed  accounts  of  these  experiments,  see  Wolcott, 

H.  H.  et  al . 1979  Aviat.  Space  Environ.  Med.  50:  34-39,  1979,  Aviat. 

Space  Environ.  Med.  48:  976-983,  1977). 

2049. 

Wolcott,  J.  H.,  C.  A.  Hanson,  W.  D.  Foster,  and  T.  Kay.  Correlation  of  choice 

reaction  time  performance  with  biorhythmic  criticality  and  cycle  phase.  Aviat. 

Space  Environ.  Med.  50:  34-39,  1979, 

Choice  reaction  time  (CRT)  was  measured  In  10  subjects  at  7 
different  pressure  levels  (4  trials  each).  The  frequency  of 
performance  scores  above  or  below  the  mean  were  compared  with  expected 
frequencies  at  different  biorhythm  cycle  phases,  given  the 
definition  of  critical  day  as  being  24  or  48  hours  In  length.  By 
selecting  very  best  or  worst  performance  scores  In  one  analysis  the 
authors  biased  the  performance  samples  In  favor  of  the  biorhythm 
theory.  Chi  square  analysis  and  linear  and  multiple  regression 
analysis  did  not  shew  deviation  of  performance  scores  from  random  for 
phases  and  combined  phases  of  biorhythm  cycles.  No  significant 
deviation  of  performance  from  expected  levels  was  found  using  24  or  48 
hour  critical  day  definitions  or  very  best  and  worst  performances. 
Performances  were  better  on  critical  than  on  noncritical  days,  but  the 
differences  were  not  significant.  The  authors  conclude  that  the  CRT 
task  was  not  significantly  Influenced  by  biorhythm.  However,  their 
conclusion  would  be  enhanced  If  they  performed  some  longitudinal 
studies  on  Individual  subjects  dally  over  a long  time  period, 
utilizing  periodicity  analyses. 
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Wolcott,  J.  H.,  R.  R.  NcMeekln.  R.  R.  Burgin,  and  R.  E.  Yanowltch.  Biorhythms 
- are  they  a waste  of  tine?  TW  Attack  15;  4-9,  1975. 

A study  was  conducted  on  3253  pilot-involved  aircraft  accidents 
from  the  National  Transportation  Safety  Board,  along  with  1026 
pilot- involved  accidents  from  the  U.  S.  Army  Aviation  Center  and  4346 
pilot-involved  Naval  aircraft  accidents.  Various  statistical  analyses 
of  these  data  sets,  conducted  singly  or  in  combination,  yielded  no 
significant  differences  from  those  used  in  the  study  by  Weaver  f».  S. 

Army  Aviation  Digest  20  (1);  13-17,  1974)  who  found  49t  of  accidents 
occurred  on  critical  days.  THe  authors  in  this  study  criticize 
Weavers  paper  as  having  a smaller  sample  size  and  in  not  defining  the 
time  period  of  the  critical  day. 


2051. 

Wolcott,  J.  H. , R.  R.  McMeekin,  R.  E.  Burgin,  and  R.  E.  Yanowitch. 
Correlation  of  Occurrence  of  aircraft  accidents  with  biorhythmic  criticality 
and  Cycle  Phase.  In:  Recent  Experl erce/Advances  in  Aviation  Pathology, 
Neuilly-sur-Seine:  NATO,  Advisory  Oroup  for  Aerospace  Research  and 
Development,  1976,  14  pp. 

The  occurrence  of  aircraft  accidents  on  various  biorhythmic  phases 
of  cycles  was  studied.  Aircraft  accident  data  were  obtained  from  the 
National  Transportation  Safety  Board  for  general  civil  aviation  and 
from  the  U.  S.  Amy  Agency  for  Aviation  Safety  for  military  accidents. 
The  accidents  were  divided  into  two  group,  pilot  and  non-pilot 
involved  cases,  using  the  causal  factors  given  by  the  respective 
accident  boards.  No  correlation  was  found  between  the  occurrence  of 
aircraft  accidents  and  either  the  critical  period,  the  negative  phase 
or  the  peak  days  of  the  negative  phase  of  the  biorhythm  cycles.  Data 
were  evaluated  by  chi-square  analysis.  The  authors  advise  that  pilots 
should  not  be  given  biorhythm  briefings  since  biorhythm  theory  could 
induce  pilots  to  adjust  their  feelings  to  phases  of  the  biorhythm 
cycles. 


2052. 

Wolcott,  J.  H.,  R.  R.  McMeekin,  R.  E.  Burgin,  and  R.  E.  Yanowitch. 

Correlation  of  general  aviation  accidents  with  the  biorhythm  theory*  Hun. 

Factors  19;  283-293,  1977. 

A total  of  4008  general  aviation  accidents  from  the  National 
Transportation  Safety  Board  (for  either  24  or  48  hour  critical  day 
definition)  were  analyzed  with  respect  to  biorhythm  cycle  phases  using 
chi  square  goodness  of  fit  for  various  combinations  of  critical  devs 
and  biorhythm  high  or  low  phases  or  combinations  of  phases.  In 
general , no  significant  deviation  from  expected  frequencies  as  found, 
although  there  was  a significantly  higher  level  of  accidents  on 
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Intellectual  critical  or  physical -Intellectual  double  critical  days. 

The  authors  assume  that  5-lOX  of  Individual  chi  square  analyses  could 
exceed  significance  levels  by  chance  without  voiding  the  hypothesis  of 
no  accident-biorhythm  relationship.  However,  the  significance  between 
accidents  and  critical  days  found  here  supports  biorhythm  theory  even 
though  none  of  the  other  accident-critical  day  relationships  were 
significant.  Perhaps  a re-analysis  of  this  data  should  have  been 
performed,  using  exact  biorhythm  phase  position  data  Instead  of  coding 
the  cycles  as  positive,  negative  or  critical. 

2053. 

Wolcott,  J.  H.,  R.  R.  McNeekIn,  R.  E.  Burgin,  and  R.  £.  Yanowitch. 

Correlation  of  occurrence  of  aircraft  accidents  with  biorhythmic  criticality 
and  cycle  phase  In  U.  S.  Air  Force,  U.  S.  Arn\y,  and  civil  aviation  pilots. 
Aviat.  Space  Environ.  Med.  48:  976-983,  1977. 

Chi  square  analyses  (300)  were  performed  on  the  relationship 
between  biorhythm  cycle  criticality  and  phase  and  5159  accidents  from 
the  U.  S.  Air  Force,  U.  S.  Ar-r.y  and  National  Troansportatlon  Safety 
Board.  USAF  pilot  Involved  total  pilot  accidents  revealed  that 
more  accidents  than  expected  occurred  on  some  noncritical  days  and 
fewer  than  expected  occurred  on  some  critical  days.  The  authors  claim 
that  analysis  of  data  In  terms  of  number  of  accidents  occurring  on 
various  types  of  critical  days  falls  to  Indicate  a role  for  biorhythm, 
although  the  occurrence  of  accidents  on  Intellectual  critical  days 
exceed^  expectations  significantly.  When  they  added  additional 
accidents  from  Navy  files  to  create  a total  or  9505  accidents, 

analysis  revealed  no  significant  deviations  from  expected  accident 
frequencies.  THe  authors  conclude  that  the  data  do  not  support  the 
biorhythm  theory  In  terms  of  expecting  significantly  high  accident 
frequencies  on  biorhythm  critical  days  or  low  phase.  They  caution 
that  use  of  biorhythm  theory  could  produce  a **psychos1s  by 
association**  that  would  make  pilots  reluctant  to  fly  on  critical  days. 

The  authors'  conclusions  are  somewhat  compromised  by  the  finding  of 
accident- Intellectual  critical  day  significance,  even  though  some  chi- 
square  significance  levels  would  be  expected  by  chance.  Further 
analysis  utilizing  multiple  regression  of  accident  frequencies  with 
exact  biorhythm  cycle  phase  calculations  could  perhaps  resolve  this 
problem. 

2054. 

Wood,  G.  A.  Electrophyslological  correlates  of  local  muscular  fatigue  effects 
upon  human  visual  reaction  time.  Eur.  Appl.  Physiol.  41:  247-257,  1979. 
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Wood,  L.  A.,  D.  W.  Krider  and  K.  D.  Fezer*  Emergency  room  data  on  700 
accidents  do  not  support  biorhythm  theory.  Safety  Res.  11:  172-176,  1979. 
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Wood,  R.  H.  Can  you  punish  an  accident?  Forum  - The  International  Society  of 
Air  Safety  Investigators  13:  5-7,  1980. 
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Wood*  W.  C.  Inpl enentatlon  of  a divisional  aviation  program  to  decrease 
flight  crew  fatigue.  In:  Operational  Helicopter  Aviation  Med. 
Neuilly-sur-Seine:  MATO,  Advisory  tiroup  for  Aerospace  Research  and 
Development,  1978,  7 pp. 

A vigorous  and  continuing  program  to  recognize  aviator  fatigue 
Implemented  In  the  U.  S.  First  Amored  Division  In  Europe  Is 
described.  Aviators  are  given  lectures  which  review  the  various 
stresses  Inherent  In  aviation.  The  two  types  of  aviator  fatigue, 
acute  skill  fatigue  and  chronic  skill  fatigue,  are  discussed  In  detail 
The  emphasis  Is  on  recognition  by  the  aviators  themselves  of  symptoms 
and  signs  of  fatigue.  Flight  hour  limitation  Is  an  Important  part  of 
a cre.^  rest  program,  but  does  not  replace  the  other  elements  as 
presented.  Prevention  of  fatigue  and  recognition  of  fatigue  which  has 
developed  Is  an  essential  component  of  an  aviation  safety  program. 


2058. 

Woodward,  D.  P.,  and  P.  D.  Neison.  A user  oriented  review  of  the  literature 
on  the  effects  of  sleep  loss,  work-rest  schedules  and  recovery  on  performance. 
Arlington,  VA:  Office  of  Naval  Research  , AD-A009778,  1974,  40  pp. 

This  review  provides  a brief  systematically  organized  account  of 
the  Information  from  the  scientific  literature  on  the  effects  of  sleep 
loss  and  work-rest  schedules  on  performance.  The  orientation  Is 
practical,  but  consistent  with  the  available  data.  A brief  narrative 
description  and  a series  of  summary  statements  about  the  effects  of 
sleep  loss  and  work-rest  schedules  on  human  performance  as  they  apply 
to  operational  settings  Is  presented.  Recovery  from  sleep  loss 
effects  as  well  as  costs  related  to  sleep  loss  effects  are  discussed 
briefly.  Suggestions  for  future  research  are  presented. 

2059. 

Wright,  M,  L.  Biorhythms:  fact  and  fancy.  Proceedings  of  the  Annual  Meeting 

of  the  Human  Factors  Society.  21st,  San  Francisco,  1977,  pp.  193-196. 

Biological  rhythms  In  physical,  emotional  and  Intellectual  states 
In  humans  are  discussed.  Both  popular  and  scientific  views  of 
biorhythms  are  given  and  compared.  The  popular  view  Is  found  to  be 
Inconsistent  with  scientifically-collected  data.  Data  on  real 
biological  cycles  and  examples  of  Individual  biorhythms  are  given. 

The  significance  of  accepting  and  using  biorhythmic  phenomena  Is 
briefly  discussed. 

2060. 

Wunder,  C.  C.  Gravitational  considerations  with  animal  rhythms.  In: 
Chronoblology,  edited  by  L.  E.  Scheving,  F.  Halberg,  and  J.  Pauly.  Tokyo: 
Igaku  ShoInTtd.,  1974,  pp.  460-465. 

2061. 

Wurtman,  R.  J.  Effects  of  light  on  man.  In:  Phototherapy  In  the  Newborn: 

An  Overview,  edited  by  G.  B.  Odell,  et.  al.  Washington,  b.  national 
Acadeihy  of  sciences,  1974,  pp.  161-171, 
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2062. 

Wurtman,  R.  J«  The  effect  of  light  on  the  human  bo<1y.  Scl.  Am.  233(1):  66-77, 

1975.  

2063. 

Uurtman,  R.  J.  The  effects  of  light  on  man  other  mammals.  Ann.  Rev. 

Physiol.  37:  467-483,  1975.  

The  present  article  describes  the  best-studied  extravisual  effects 
of  visible  and  ultraviolet  light  on  humans  and  other  mammals.  It  also 
considers  the  possible  biological  consequences  to  man  of  living  In 
artificially  lighted  environments  that  differ  significantly  from  the 
milieu  In  which  he  evolved. 


2064. 

Wurtman,  R.  J.  Food  for  thought.  Sciences  18:  6-9,  1978. 

2065. 

Wynn,  C.  T.  Measurements  of  small  variations  In  'absolute*  pitch.  J. 

Physiol.  220:  627-636,  1972. 

Longitudinal  studies  on  absolute  pitch  (musical  tone)  estimates 
were  carried  out  on  one  male  and  2 females  an  average  of  12  times/day 
for  up  to  18  months.  In  the  females  a bimodal  curve  (circa  14  days) 
was  obtained  In  pitch  estimation  In  close  association  with  the 
menstrual  cycle.  The  male  exhibited  a rhythm  of  about  20  days. 

2066. 

Wynn,  V.  T.  Study  of  rhythms  In  auditory  perception  and  simple  reaction 

times.  Interdlscipl.  Cycle  Res.  4:  251-260,  1973. 
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2067. 

Yamaguchl,  N.»  et  a1.  Sleep  deprivation  therapy  for  depression  and  diurnal 
rhythm  of  serum  cortisol.  Horumon  To  Rinsho  26;  457-463.  1978. 

2068. 

Yates.  M.  M.  A Stu^  of  BlorhHhms  with  Students  In  Four  Fraternities  and 
Four  Sororltle?  at  tneTntverslty  of  Wyoming  (Ph.TTT  THisIs}.  UnlverslIF* 
Wyoming.  1975. 

A group  of  80  subjects  randomly  selected  from  college  fraternities 
and  sororities  were  given  performance  tests  with  6 Instruments 
(unspecified)  on  both  a biorhythm  cycle  critical  day  and  biorhythm 
peak  day.  A two  by  two  related  measures  factorial  analysis  of 
variance  procedure  was  used  and  revealed  no  relationship  between 
performance  and  biorhythm  23  and  28  dey  cycle  peaks  and  critical  days. 
However  the  data  analysis  revealed  three  gender  main  effects  which 
were  significant  (0.05).  The  use  of  specific  biorhythm  testing  days 
In  this  study  raises  the  question  of  whether  the  subjects  may  have  had 
any  knowledge  or  suspicion  that  the  biorhythm  theory  was  being  tested. 
The  results  would  have  been  more  conclusive  If  longitudinal  studies 
had  been  performed  on  a small  sample  of  Individuals  over  a period  of  a 
few  biorhythm  cycles. 


2069. 

Yevtsikhevich,  A.  V.  Sutochnlye  (Tsirkadnye)  Ritml  Flzlologlchesklkh 
Protsessov  Pri  Pereletalch  V ^htrotnom  Napraylenli.  (bally  (circadian)  Rhythms 
of  Physiological  Processes'ln  flights  in  a Latitudinal  Direction.)  Olss. 

Cand.  Med.  Science.  Novosibirsk.  1970. 

Body  temperature,  arterial  pressure,  uropepsln,  blood  leucocytes, 
absorptivity  of  phagocytes,  and  muscular  function  were  studied  In  a 
series  of  time  zone  flights.  Time  shifts  of  4-11  hours  resulted  In 
readaptation  times  of  4-15  days.  Including  2 days  for  4 hour  change, 
up  to  5 days  for  a 5 hour  change,  up  to  10  days  for  a 6hour  change, 
and  greater  than  10  days  for  a 7 hour  time  zone  change. 


2070. 

Yokoborl.  S.  Local  time  displacement  and  the  measures  for  coping  with  Its 
effects,  ji.  Natl.  Def.  Med.  Coll.  1:  7-19,  1976. 

2071. 

Yoshitake,  H.  Trols  patterns  caracterlstiques  des  symptomes  subjectifs  de 
fatigue  (Three  characteristic  patterns  of  subjective  fatigue  symptoms).  Le 
Travail  Humaln.  40;  279-282.  1977.  “ 

An  extensive  field  survey  of  subjective  syn^toms  of  fatigue 
revealed  three  characteristic  patterns.  One,  In  which  'drowsiness  and 
dullness  predominated,  was  frequent  both  among  those  who  reported  many 
symptoms  and  those  who  reported  few  and  was  not  characteristic  of  any 
particular  type  of  work.  A second  In  which  “Inability  to  concentrate'' 
was  prominent,  was  more  frequent  among  those  who  reported  many 
symptoms  and  was  characteristic  of  mental  workers,  especially  after 
night  work.  A third  pattern.  In  which  awareness  of  physical 
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discomfort  was  characteristic,  was  found  mainly  among  those  who 
reported  few  symptoms  and  were  engaged  In  physical  work. 


2072. 

Yunis,  E.  J..  0.  Fernandes.  W.  Nelson,  and  F.  Hal  berg.  Circadian  temperature 
rhythms  and  aging  In  rodents.  In:  Chronohlology.  edited  by  L.  E.  Scheving. 

F.  Hal  berg,  and  J.  E.  Pauly.  Tokyo:  Igaku  Shoin.  Ltd.,  1974,  pp.  358-363. 

2073. 

Yunis.  E.  J..  F.  Halbero.  A.  McMullen,  B.  Roltman,  and  G.  Fernandes.  Model 
studies  of  aging,  genetics  and  stable  versus  changing  living  routines  - 
simulated  by  lighting  regimen  manipulation  on  the  mouse  (abstract).  Int. 
Chronoblol.  1:  368-369,  1973. 

2074. 

Zantinge,  G.  Hut  Goede  Moment:  Blorltmelk:  Drie  Blorltmen  Bepalen  Onze  Ups 
en  Downs  (The  good  moment:  bioryhthmlc:  three  biorhythms  detennine  our  ups 
and  downs).  Deventer,  Holland:  Ankh-Hermes,  1976,  80  pp. 

2075. 

Zatz,  M.  Photoentrainment,  pharmacology  and  phase  shifts  of  the  circadian 
rhythm  In  the  rat  pineal.  Fed.  Proc.  38:  2596-2601,  1979. 

Photoentrainment  of  circadian  rhythms  In  mammals  Is  mediated  by 
the  retl nohypo thalamic  projection  to  the  suprachlasmatic  nucleus  of 
the  hypothalamus.  It  should  therefore  be  possible  to  mimic  or  block 
the  effects  of  light  on  the  circadian  pacemaker  with  appropriate 
pharmacological  agents.  Such  agents  and  their  effects  should  be 
useful  In  Identifying  the  neurotransmi tters  Involved  In 
photoentrainment  and  their  mechanisms  of  action  on  the  circadian 
pacemaker.  The  effects  of  light  on  the  circadian  rhythm  Is  rat  pineal 
serotonin  N-acetyl transferase  activity  are  described.  Carbachol,  a 
cholinergic  agonist,  was  found  to  mimic  the  effects  of  light  on  this 
rhythm,  including  the  acute  reduction  of  nocturnal  activity  and 
phase-shifting  of  the  free-running  rhythm.  These  results  raise  the 
possibility  that  acetylcholine  Is  Involved  In  the  photoentrainment  of 
mammalian  circadian  rhythms. 

2076. 

Zatz,  M. , and  M.  J.  Brownsteln.  Intraventricular  carbachol  mimics  the  effects 
of  light  on  the  circadian  rhythm  In  the  rat  pineal  gland.  Science  203: 
358-361.  1979. 

Environmental  lighting  regulates  numerous  circadian  rhythms. 

Including  the  cycle  In  pineal  serotonin  M-acetyl transferase  activity. 

Brief  exposure  of  rats  to  light  can  shift  the  phase  of  this  enzyme's 
circadian  rhythm.  Light  also  rapidly  reduces  nocturnal  enzyme 
activity.  Intraventricular  Injections  of  carbachol,  a cholinergic 
agonist,  can  mimic  both  of  these  effects.  Light  and  carbachol 
presumably  act  on  the  suprachlasmatic  nucleus  of  the  hypothalamus. 

These  experiments  demonstrate  the  feasibility  of  using  a 
neuropharmacologic  approach  to  the  mechanisms  underlying  mammalian 
circadian  rhythms. 
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2077. 

Zavla'cl'c,  M.,  and  N.  Brozman.  Effects  of  feeding  a single  dally  meal  and  of 
changes  In  lighting  schedule  on  the  circadian  rhythms  of  bxidoreductases  In 
the  rat  gastric  mucosa.  Acta  Histochem,  65:  58-69,  1979. 

2078. 

Zetzmann,  H.  J.  "Workload"  and  "perfomance  llmltlno  factors"  of  air  traffic 
control  radar  operators.  In:  Rest  and  Activity  Cycles  for  the  Ma1ntenanc_e 
of  Efficiency  of  Personnel  Concerne<n^th  H1 1 iMry  F 1 \ ghTTTperatl on^ 

Neull^y-  sur-SeTne:  NATO,  Advisory  Group  for  Aerospace  Research  A Development 
AGARD-CP-74,  1970,  pp.  9-1  - 9-12. 

In  the  'servo  loops'  of  the  man-machine  system  of  Air  Traffic 
control  man  continues  to  play  a decisive  role  In  ensuring  safe  and 
expeditious  running  of  traffic.  An  Important  source  of  Information 
In  this  system  Is  the  radar  equipment  whose  display  gives  the 
controller  and  Important  basis  for  evaluating  the  air  situation. 

These  displays  are  discussed  form  the  aspect  of  'human  engineerling'. 

Where  traffic  Is  dense,  particularly  high  demands  are  placed  on 
correctness  and  rapidity  of  controller  decisions  to  ensure  a safe 
dispatch  of  traffic.  The  paper  deals  further  with  the  physiological 
environment  of  ATC  activities  and  points  out  how  readily  human  beings 
may  here  be  subject  to  'stress'.  The  definitions  of  the  terms 
'workload'  and  'stress'  are  discussed;  It  Is  shown  that,  and  why,  all 
efforts  towards  an  exact  assessment  of  controller  capability  under 
peak  loads  have  failed  to  lead  to  fully  satisfactory  resluts  so  far. 
Further  research  work  has  to  be  done. 

2079. 

Zimmerman,  J.  C.,  C.  A.  Czelsler,  S.  Laxmlnarayan,  R.  S.  Knauer,  and  E.  0. 
Weltzman.  REM  density  Is  dissociated  from  REM  sleep  timing  during 
free-running  sleep  episodes  (submitted  for  publication). 

2080. 

. Zito.  T.  Body  rhythm  and  dog  days.  Airline  tests  a theory.  The  Washington 
Post.  Feb.  2.  1975. 

The  author  reports  that  United  Air  Lines  ground  crews  have  used 
biorhythm  charting  at  National  Airport,  Washington,  D.  C.  since  1973, 
resulting  In  an  accident  reduction  of  over  50%.  However,  a 
distinguished  expert  on  biological  rhythms,  Colin  Pittendrigh,  considers 
biorhythms  to  be  an  "utter,  total,  unadulterated  fraud".  Studies  by 
D.  Nell  at  the  Monterey,  Cal.  Naval  Postgraduate  School,  however, 
support  Nell's  contention  that  bloryhthms  can  be  predictable. 

(However,  Nell's  work  had  been  criticized  by  A.  Ahlgren  In  Aviat. 

Space  Environ.  Med.  48:  678,  1977). 
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2081. 

Zucker.  I.  Llaht.  behavior,  and  bloloqlc  rhythms.  Hosp.  Pract.  11:  83-91, 

1976. 

The  most  potent  environmental  synchronizer  of  "biologic  clocks" 

In  maiNiials  Is  the  light-dark  cycle.  The  author  describes  experiments 
that  Identify  a particular  pathway  - a direct  connection  between 
retina  and  hypothalamus  - as  the  main  route  by  which  such  biologic 
rl^thms  as  the  dally  activity  cycle,  the  estrous  cycle,  and  the  annual 
reproductive  cycle  are  entrained  to  the  external  environment. 

2082. 

Zucker,  I.,  and  F.  K.  Stephan.  Light-dark  rhythms  In  hamster  eating,  drinking 

and  locomotor  behaviors.  Physiol.  Behav.  11;  239-250.  1973. 

2083. 

Zulley,  J.  Schlaf  und  temperatur  unter  frellaufenden  Bedingungcn.  Congr. 

Dtsch.  Ges.  Psychol . 30;  398-399,  1976. 

2084. 

Zykova,  A.  A.,  L.  A.  Lugovoy,  and  V.  P.  Krotov.  Diurnal  dynamics  of  potassium 

excretion  In  human  urine  during  prolonged  wakefulness.  Kosm.  Biol.  Med.  6(1): 

62-66,  1972. 

Diurnal  variations  In  human  urine  potassium  excretion  were 
Investigated  In  ten  test  subjects  confined  to  an  Isolation  chamber  but 
adhering  to  a normal  work-rest  cycle  during  a 72-hour  period  of 
continuous  wakefulness.  Sleep  deprivation  brought  about  considerable 
disturbances  In  diurnal  potassium  excretion  which  varied  In  their 
pattern  and  level  from  subject  to  subject.  In  some  cases  a 
displacement  of  minimum  and  maximum  points  prevailed;  In  others  there 
was  a decrease  In  the  amplitude  of  diurnal  variations.  The  results 
reveal  an  appreciable  variability  In  functioning  of  circadian  periodic 
systems  In  different  subjects.  This  result  can  be  applied  In 
spacecrew  selection  with  respect  to  blorhythmological  parameters. 
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